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Centralized 
Lubricating Systems 


in design 


o rd ' 
Me, VILLA in performance 


in economy 


Remember, it’s impossible to under-lubricate or skip a bearing with a TRABON posi- 
tive system .. . a single indicator at the pump tells the operator when every bearing 
is properly lubricated. 


Fully hydraulic . . . economical . . . for oil or grease . . . safe . . . completely sealed. 


Write for more information today. 


ENGINEERING CORPORATION 


1814 AGM STREET © CLEVELAND 3,-OHIO 
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(Month & Day) 
Gentlemen: 


© Please enter my subscription for LUBRICATION ENGINEERING for 


effective with the issue, published bi-monthly. 


© Please send me Information regarding Regular Subscription $4.00 per year [1 


membership in The American Society of $7.50 for Two Years [) 
Lubrication Engineers* Payment Mailed [ Send Bill O 


Dhak ci ecclesia =” A atiipiesiaasagi 
Company 

Street Address 
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With which branch of Industry Is your company Identified: 


* Note: Membership Includes subscription to LUBRICATION ENGINEERING. 











ASLE 
MEMBERSHIP 
CLASSIFICATIONS 


Membership in the American 
Society of Lubrication Engineers 
is in several grades as defined 
below. Assignment to grade is 
made by the Admissions Com- 
mittee or Board of Directors on 
the basis of information sub- 
mitted or supplied by references. 


Members: Members shall be 
persons not less than 24 years of 
age who: (1) are engaged in re- 
search and instruction at techni- 
cal schools, universities, and vari- 
ous publicly and privately sup- 
ported institutions in the field of 
lubrication; or (2) have occupied 
recognized positions as lubrica- 
tion engineers for a period of 
three or more (not necessarily 
consecutive) years prior to date 
of admission, involving the re- 
sponsibilty for or supervision of 
the development, selection, field 
use and application of lubricants 
as differentiated from other ac- 
tivities; or (3) are indirectly con- 
cerned with the field of lubrica- 
tion, but possessing other quali- 
fications of experience, knowl- 
edge, and accomplishment, and 
have manifested a particular in- 
terest in the purposes and wel- 
fare of the Society to the extent 
that their membership would be 
a valuable contribution to the 
successful functioning of: its ac- 
tivities. Fee $15.00. 


Associate Members: Associate 
Members shall be persons less 
than 24 years of age, and those 
who do not completely fulfill 
the membership requirements for 
Members. Fee $7.50. 


Sectional Sustaining Members: 
Sectional Sustaining Members 
are such persons or organizations 
as may be interested in and de- 
sire to contribute to the support 
of the purposes and activities of 
a local Section of the Society. 
Fee $25.00. 


Industrial Members: Industrial 
Members are such persons or or- 
ganizations as may be interested 
in and desire to contribute to 
supporting the purposes and ac- 
tivities of the Society. Fee 
$150.00. 


For application blanks or furthe1 


information, write: 


84 E. Randolph St. 
Chicago 1, Ill. 
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‘Filled with technical information, test results, application data, 
and a series of field reports covering the use of MOLYKOTE Lubricants 
in industry, this “information package” is available free to anyone who 
can make good use of it. 

Don’t hesitate . . . write for folder 560 today. 


THE ALPHA MOLYKOTE CORPORATION 


MAIN FACTORIES: 65 Harverd Avenue, Stamford, Conn. 
71 Arnulfstrasse, Munich 19, Germany 
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ADC REPORT 





‘LOUISVILLE TRANSIT COMPANY, LOUISVILLE, KENTUCKY 


adopts Shell ADC Oilprint Analysis 
as major oil change yardstick... 


uses it for faster, surer Preventive Maintenance 


LovIsvILLE TRANSIT COMPANY, 
noted for its preventive maintenance 
record, has adopted the ADC Oilprint 
Analysis. Result: reduced PM time 
and outstanding economy in labor 
and parts. 

The ADC Oilprint Analysis enables 
fleet operators to test the condition 
of crankcase oil in the short time 
allotted for re-fueling and crankcase 


SHELL OIL COMPANY 


50 WEST 50th STREET, NEW YORK 20, NEW YORK 
100 BUSH STREET, SAN FRANCISCO 6, CALIFORNIA 
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oil checks . .. a dependable evaluation 
in minutes. It answers the question 
“When do I change my oil?’”, thus 
eliminating the draining of usable oil 
and the risk of using oils loaded with 
contaminants. 

ADC Oilprint Analysis can take an 
active part in your PM program. Let 
us demonstrate how it can effect 
savings for your engines. Trademark 
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GEAR TOOTH IS BADLY GEAR SHOWS MINIMUM 
WORN AFTER USING AN ‘ WEAR AFTER USING A 


ORDINARY GEAR OIL \ SUNEP GEAR LUBRICANT 





COMPARATIVE TESTS on identical new worm _ der oil, shows excessive wear at 70 hours. Gear on 


gears demonstrate superiority of Sunep Gear _ right, protected by Sunep, shows minimum wear 
Lubricant. Gear on left, using a compounded cylin- after running over 200 hours! 


HERES PROOF SUNEP GEAR LUBRICANTS MINIMIZE WEAR 


Sunep Gear Lubricants cut power losses... protect against overloads 
...lengthen gear life...reduce maintenance costs and replacements. 


During recent tests gear units protected For complete information about how Sunep 
by Sunep Gear Lubricant showed an abso- Gear Lubricants can help give longer life 
lute minimum of wear when run at normal to your worm gear units, see your Sun rep- 
rated capacity. There was no indication of resentative...or write SUN OIL ComMPANy, 
scoring or wear even when run at overloads Philadelphia 3, Pa., Dept. LE-4. 


up to 118%! Power consumption was re- 
duced up to 25%. Damage from shock loads 
was nil. 


In addition to outstanding load-carrying =x 
ability, Sunep Gear Lubricants are ex- 
® 





tremely stable, non-corrosive, prevent rust- 
ing, keep gears and bearings clean. 


INDUSTRIAL PRODUCTS DEPARTMENT 


S U N O | L COM PANY PHILADELPHIA 3, PA. 


IN CANADA: SUN OIL COMPANY, LTD., TORONTO AND MONTREAL 
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“Steel from the Furnaces.” Agnes Potter Lowrie depicts some of the basic steel products 


which provide the sinews of American industry. 
The angle iron. Wire rope. 
container for foods and _ liquids. 
strength and durability. 


The I-beam, key piece in building construction. 
Railway track to carry the carriers of industry. The can, universal 
And in the background, sheet steel, gleaming symbol of 


Hie Sie be of Sel Mcbing 


Too often, estimates of the steel industry 
concentrate upon our overwhelming pro- 
ductive capacity. Yet more than a little 
credit is due another American talent— 
the ingenuity of research coupled with the 
ever-readiness of steelmen to adopt new 
and better products and processes. 


As recently as World War II, some of 
our largest mills were fearful of shut- 
downs because palm oil, then considered 
the essential lubricant for cold rolling 
tin plate, was obtainable only from for- 
eign sources and had to be imported 
across U-boat-infested waters. 


Research tackled the problem. Three 
years ago Ironsides announced Palmo- 
shield as the first domestic replacement 
for imported palm oil. Within six 
months two-thirds of our major tin 
plate mills were using or testing it, often 
with remarkable results. For example, one 
company stepped up production 15% 
with no additional investment, no increase 
in labor, and no change in mill operation. 


Recognized as today’s most significant 


advance in lubrication, Palmoshield offers 
five distinct advantages: 


1. Produced in the heart of the steel 
industry. Users need not stockpile. 


2. Made from freely available domestic 
materials. 


3. Subject to exact chemical control — 
free fatty acid content to within 2%. 


4. Price is not artificial, but fluctuates 
freely with the domestic fat market. 


5. Proved in production to deliver in- 
creased tonnage at less cost. 


Ironsides_ research, which developed 
Palmoshield, is geared to the future. A 
flexible team — the “custom tailors” of 
lubrication — Ironsides engineers are 
available for technical assistance on 
special problems of any nature or size. 


A letter will summon them without 
obligation. Address The Ironsides Com- 
pany, Columbus 16, Ohio. 





SHIELD 


PRODUCTS 








By the makers of Palmoshield ¢ “the palm tree that grows 






in Ohio” 
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Sow +o design with... 





ALEMITE 


Fgakiil 


Beatin, 


CENTRALIZED AUTOMATIC LUBRICATION | 


Can be built into-any machine; 


in 4 easy steps 















1. Replace grease cups or grease 
fittings with Accumatic fittings. 
(Available in same thread sizes 
as grease fittings, cups.) 


2.Connect Accumatic fittings 
with copper tubing. (Alemite 
has tubing, clips and accessories 
for fast, neat installation.) 







Type 1 Accumatic Valves 


For fluid oil or light grease. In range 
of sizes, delivering from .005 to .100 
cu. in. of lubricant. Various shapes: 
Tees, straight-thru, inserts, angles. 
Spring pressure provides gradual 
feed. Adjustable or fixed output. Sys- 
tem serves up to 400 bearings. Manual 
or automatic operation available. 







3. Connect sliding, rotary or os- 
cillating parts into tubing sys- 
tem. (Flexible hose and swivels 
available for moving parts.) 


4. Provide central pump to sup- 
ply lubricant to system. (May 
be ordinary hand pump or fully 
automatic barrel pump.) 


Factory-tested — field-proved ! 








Exhaustive in-the-field tests show no 
appreciable variation in the amount of 
lubricant discharged after 73,312 
lubrication cycles—equal to 
122 years of twice-a-day 
service! 






Offers All These Advantages! 


@ Prevents application of wrong lubricant. 

®@ Seals completely against dirt, grit, water. 

®@ No parts are neglected —lubricates inaccessible 
and dangerous bearings. 


cS EE! 


Alemite, Dept. P-46 
1850 Diversey Parkway, Chicago 14, Illinois 





@ Eliminates product spoilage due to over-lubrication. 
@ Eliminates point-by-point lubrication methods — 
services all bearings in one operation. ; 


| Please send me my free copy of the Alemite Accumatic Catalog. 
A PRODUCT OF 


® Delivers exact amount of lubricant to bearing. 





Name 


ALEMITE: -~ 


REG. U.S. PAT. OFF City State 
A Product of STEWART-WARNER CORPORATION 
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Specialized LUBRICATION 


ban | GTS Im. a 


» 


BEL-RAY has pioneered in the manu- 

facture of special lubricants to meet the 

many difficult lubricating problems of 

“a : 7. «. industry. Our Engineers can recommend 

/4z>—_—=> | &. Fe Bae the right lubricant for your particular 

E ese requirement. Some of the many BEL-RAY 
lubricants available: 


ae oe @ HIGH TEMPERATURE LUBRICANTS 
—_ = 3 | LOW TEMPERATURE LUBRICANTS 
EXTREME PRESSURE LUBRICANTS 


NON-MELTING GREASES 


MOLYLUBE SERIES (MOLYBDENUM 
DISULFIDE) 


SPECIAL PURPOSE GREASES 
OVEN CHAIN LUBRICANTS 
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@ DEVELOPERS OF SPECIAL 
APPLICATION LUBRICANTS 





ae. 





reas 
w multi-purPos® ter resistant, non 
pOoLYLUBE— co hot and cold 
P etals, . 
hesive - longer Jasting- sess and gasteless 
separating: A no toxic, ~~ nts. Meets us 
n ° a ° 1 
NOT processing ture stabi 
pan ideal for one w and high tempers 
r ents. 
\7 requirem 2 : e 
- = water resistant on-melting _on 
~ GREASES—A Pure excellent stabi” 
BELCO wee moisture a" 
which rests ound use grease 








STEAM AND WATER RESISTANT 


ro INC, 
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@ INCREASE ROLL NECK BEARING LIFE: 
@ ELIMINATE REMACHINING COSTS 
e USE LESS LUBRICANT 


with BROOKS 


LEADOLENE* 


ny ftedl 


Costly roll neck wear, remachining and down time can 

be eliminated in blooming, slabbing, structural, wire, 
skelp, lapping weld, rod and pipe mills—with Brooks 

Leadolene Klingfast. Having a thin film of semi-harden- 

ing nature, this lubricant does not hold scale which 
creates abrasive conditions. Scale is continually flushed 
out by water which does not affect or wash off this 
cost reducing lubricant. Furnished in grease or oil for 
hand packing or for use in pressure systems. 


*The 1.P. Lubricant with Indestructible pH-ilm. 


80 YEARS OF LUBRICATION SERVICE 
TO INDUSTRY 








Read this Case Study 


FOR PROOF OF LEADOLENE KLINGFAST’S 
SUPERIOR QUALITY AND COST REDUCING 
PERFORMANCE 


In a lubrication study conducted over a 
period of one year on a 40” blooming mill, 
Brooks Leadolene Klingfast proved its effi- 
cient, cost reducing qualities. Best com- 
petitive E. P. Lubricants were consumed 
at the rate of twenty drums per week, and 
bearings wore out in two weeks’ time. With 
Leadolene Klingfast, bearings showed no 
wear after twelve weeks and only four 
drums were consumed per week. 








No} onl | Dt @1 ©) G] = 1 @) \ ie 10) more) | -) mi =a yee 





The Brooks Oil Company 
934 Ridge Avenue 
Pittsburgh 12, Pa. 


(CD Please send complete information on Leadolene 
Klingfast for roll neck lubrication. 


The Brooks Oil Company 














_— Since 1876 

COMPANY. Executive Offices and Plant, Cleveland, Ohio 

TITLE Executive Sales Offices, Pittsburgh, Pa. 

pees Canadian Offices and Plant, Hamilton, Ontarie 
Cuban Office, Santiago de Cuba __” 

CITY ZONE STATE. 





Warehouses in Principal industrial Cities 


LE-456 
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New Balanced Mobili D.T.E. Oils — 





Socony Mobil D.T.E. Oils have long set the 
standard for performance of hydraulic and cir- 
culating oils. Today, after many years of con- 
tinuing laboratory research and several years 
of exhaustive field tests, we announce a com- 
pletely new line of Mobil D.T.E. Oils. These are 
balanced to give much greater resistance to de- 
posits, longer life even at high temperatures, 


“e 


SOCONY MOBIL 
CORRECT LUBRICATION 


First Step in Cutting Costs 


SOCONY MOBIL OIL COMPANY, INC., and Affiliates: 
MAGNOLIA PETROLEUM COMPANY, GENERAL PETROLEUM CORPORATION 
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superior wear protection and rust prevention. 
These new oils will meet the over-all require- 
ments of your hydraulic and circulating sys- 
tems better than any other product. 
k ok 
For further information on how new D.T.E. 
Oils can improve your production and cut 
costs, fill out the form below. 
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WHAT'S NEW IN TEXAS? 





The new $6,600,000 plant of American Lithium 
Chemicals, Inc. in San Antonio, an affiliate of 
American Potash & Chemical Corporation, long 
the leading producer of Lithium Carbonate, 
makes available to producers of lithium-based 
greases an abundant new source of supply of 
LITHIUM HYDROXIDE. The new plant will process 
high-grade lithium ores from extensive deposits 
in Southern Rhodesia, assuring you of vast re- 
serves, coupled with the most modern domestic 
production facilities available anywhere. You 
can count on the advantages of Trona LITHIUM 
HYDROXIDE in your all-purpose greases—mois- 
ture resistance, chemical and mechanical stabil- 
ity and wide temperature range, just as you can 
depend on the consistent good quality of Trona’s 
new source of this vital all-purpose, all weather 
grease additive. 
Send for technical information sheet 


FOR LITHIUM CHEMICALS—LOOK TO AMERICAN POTASH! 






INDUSTRIAL 
AND AGRICULTURAL 
CHEMICALS 








Lithium 
Hydrexide 








"= Froductns of 


LITHIUM-BASED GREASES 








American Potash & Chemical Corporation 


Offices © 3030 West Sixth Street, Los Angeles 54, California 
¢ 99 Park Avenue, New York 16, New York 
© 214 Walton Building, Atlanta 3, Georgia 

Plants ¢ Trona and Los Angeles, California 


¢ San Antonio, Texas (American Lithium Chemicals, Inc.) 





LITHIUM CARBONATE ° LITHIUM HYDROXIDE * LITHIUM BROMIDE * LITHIUM CHLORIDE and other LITHIUM CHEMICALS 
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Give Top 
Performance with 



































The recent modernization at NEWPORT STEEL 
CORPORATION, Newport, Kentucky, features a 
four-high reversing hot mill with Steckel-type fur- 
naces and a four-high cold reduction mill. BOTH 

mills are equipped with 
MORGOIL bearings 


for maximum efficiency. 
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STAYS . 


ON THE JOB *»% 


International’s INLUCITE 21 is a won't wash out 
multi-purpose, lithium-base grease 
that outlasts every specialized 
grease it replaces. Outlasts ordi- 
nary multi-purpose greases, too, 
bringing longer life to wheel bear- 
ings, water pumps, universal 
joints, shackles and other grease- 


lubricated bearings. 


There is only one INLUCITE 21. 
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MC ALON INI 


For details, write 


INTERNATIONAL LUBRICANT CORP. 
NEW ORLEANS, LOUISIANA 
Manufacturers of Quality Lubricants © AVIATION » INDUSTRIAL © AUTOMOTIVE » MARINE 


With Research Comes Quality, With Quality Comes Leadership 
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Experiment 
& Experience 











A Convenient Measurement Of 
Friction Coefficient, by H. E. 
Mahncke (Rayonier, Inc., Whip- 
pany, New Jersey; formerly with 
Westinghouse Research Labora- 
tories where this experiment was 
conducted. ). 


In studying lubricants, it is quite 
often desirable to determine co- 
efficients of friction of lubricated 
surfaces. These data are of con- 
siderable value for comparative 
purposes even though they may 
have little absolute significance. 
In carrying out such measure- 
ments, the test method is the 
more useful the more it satisfies 
the two criteria of convenience: 

(1) The measurement should 
be simple and easy to carry out. 

(2) The test pieces should 
be easily procured and prepared 
for the test. 

We have found that a fric- 
tion pendulum meets these re- 
quirements very well and can be 
used for a wide variety of experi- 
ments. While various types of 
pendulums have been described 
for sliding’ * and rolling con- 
tact? our experience has been 
limited to an instrument modi- 
fied from the design of Kyropou- 
los and Shobert,? by the incor- 
poration of a 4-ball contact as sug- 
gested by Muskat.> As shown in 
Fig. 1, the sliding contacts are 
effected between two 34”. balls 
clamped on the supporting frame 
and two clamped in the head of 
the pendulum. The lines connect- 
ing the centers of each pair of 
balls are at right angles to each 
other. An overall view is shown 
in Fig. 2. The pendulum is about 
1] meter long. The weight can be 
adjusted as desired. 

The measurement of friction 
is fairly simple. .\ clean set of balls 
is clamped in place and a final clean- 
ing with solvents given. The test 
lubricant is apphed with a swab 
and the pendulum set on the sup- 
port. It is then displaced through 
a fixed angle, released, and the num- 
ber of through which it 
swings before coming to rest is 


cycles 


observed. The coefficient of fric- 
tion is calculated from the formula? : 
f = k/n where f = coefficient of 
friction, » = number of cycles, 
k = aconstant to be determined for 
ach instrument. Under the best 
conditions (not always attainable ) 
values are reproducible to + 2%. 
This is ample for the detection of 
differences between lubricants. — It 
is to be observed that we are deal- 
ing here with boundary friction, 
since the very high contact pres- 
sures effectively eliminate hydro- 
dynamic effects. It should also be 
noted that the measured coefficient 





























Fig. 1. 






































Fig: 2: 
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is a composite of the static and ki- 
netic values. 

In the majority of 
standard 34” balls of various met- 
als are easily obtained. We have 
used steel, stainless steel, carbo- 
loy, brass, bronze, aluminum, and 
tungsten carbides. If only small- 
er balls are available, the ball 
cavities may be filled with spac- 
er bars to raise the ball center 
and allow contact to be made. 
If balls are not available in the 
desired material, a very satisfac- 
tory substitute is obtained by 
turning a cylinder 34” diameter 
by 34” long and finishing one 
end as a hemisphere with a 3%” 
radius. This technique has 
proved particularly useful in the 
study of polymers and _ electro- 
plated surfaces. 

As might be expected, the in- 
strument is also useful for mak- 
ing controlled wear studies by ob- 
serving the development of the 


cases, 


wear scars between successive 
tests. 

BIBLIOGRAPHY 
(1) T. E. Stanton. The Engineer, 


Vol. 135, 1923, p. 678. See also “Lu- 
brication & Lubricants,” p. 423, 
by L. Archbutt & R. M. Deeley; 
J. B. Lippincott & Co., 1927. 

(2) S. Kyropoulos & E. I. Shobert. 
Rev. Sci. Inst., Vol 8, 1937, p. 
159. 

(3) G. E. Barker, et al. ASTM Bull. 
No. 139, March 1946, p. 25. 

(4) G. A. Tomlinson, Phil. Mag., Vol. 
7, 1929, p. 905. 

(5) M. Muskat. Private communica- 
tion, Gulf Research & Develop- 
ment Corp., 1943. 





Coming Events 











APRIL, 16-18, American Institute of 
Electrical Engineers (The Great Lakes 
District Meeting), Fort Wayne, Ind. 


MAY, 3-9, American Foundrymen’s 
Society, Atlantic City, N. J. 

7-9, 2nd Italian Meeting on Chem- 
istry & Technology of Fats, Milan, 
Italy. 

9-11, American Welding Society 
(4th Annual Meeting & Exhibit), Me- 
morial Auditorium, Buffalo, N. ¥ 

14-17, Ist Annual Design Engi- 
neering Show & Conference, Conven 
tion Hall, Philadelphia, Pa 

23-25, American Management As- 
sociation (General Management Con- 
ference), Roosevelt Hotel. N.Y. C 
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Effective lubrication of torsion suspension bushings of heavy duty trailers 
has been a maintenance problem with many truckers. The bushing at 
the left was removed still in good condition after 160,000 miles of serv- 





ice. This bushing was lubricated with a chassis grease containing Moly- 
Sulfide additive. The bushing at the right, lubricated with ordinary chassis 
grease, needed replacement after 35,000 miles of service. 


How Moly-Sulfide additives 
EXTEND EFFECTIVE LUBRICATION 


Why Moly-Sulfide additives are used in lubri- 
cants by trucking fleet operators, railroads, air- 
craft and automotive manufacturers, oil well 
drillers and steel mills. 


Moly-Sulfide has six characteristics which make it 
an ideal lubricant additive wherever mechanical 
action wipes or shears off the hydrodynamic film. 


1. Because of its affinity for metals, Moly-Sulfide 
readily forms a film on metal surfaces. 

2. Moly-Sulfide has a low coefficient of friction. 

3. It has a high factor of durability. 

4. Moly-Sulfide has a thermal stability of —100°F. 
to +750°F. 

5. It has a high chemical resistance to acids, alkalis 
and water. 

6. It withstands high pressures, having a low shear 
strength and a high film strength. 
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Above, structural diagram of the Moly-Sulfide molecule. Below is a func- 
tional illustration of the laminar structure. Each lamina is composed of a 
layer of molybdenum atoms with a layer of sulfur atoms on each side. 


What is Moly-Sulfide and how does it 
function in lubrication? 


Mined in Colorado as molybdenite, purified Moly- 
Sulfide is a lead-grey material. It has a laminar 
molecular structure, with the Moly atoms sand- 
wiched between layers of sulfur. (See illustration. ) 
The sulfur atoms have an affinity for metal and 
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bond readily to metal surfaces, giving the film a 
low shear strength. This affinity is caused by a strong 
intermolecular bond between sulfur and metal. The 
lubrication results from the easy slippage of sulfur- 
to-sulfur atoms. As an addi- 
tive to lubricants, the Moly- 
Sulfide will readily form a 
film and when a grease or oil 
film is wiped away or sheared 





Truck and passenger car 


rack gears and a Michigan manufacturer uses Moly- 
Sulfide as an additive to drawing compounds for 
drawing stainless steel hub caps. In New York a 
baker of crackers and cookies is using Moly-Sulfide 
grease for lubrication of oven chains which must 
operate at high temperatures. In Louisiana an oil 
well drilling contractor is 
using Moly-Sulfide additive 
in tool joint compounds. He 
reports that disjointing when 





off, the Moly-Sulfide film sus- 
tains lubrication until a petro- 
leum film reforms. 


builders and operators are 
making wide use of Moly- 
Sulfide greases for difficult 
lubrication jobs. 


drilling below 15,000 feet is 
no problem now: no galling, 
welding or stripped threads. 


Oil well drilling contractors 
are using Moly-Sulfide ad- 
ditives to tool joint com- 
pounds. 


Lubricants containing Moly-Sulfide additive have over 
30 established uses in the automotive, aircraft, railroad, 
oil drilling and steel industries. 


Since Abraham Lincoln’s time, railroads have been 
faced with a serious, recurring, expensive problem: 
hotboxes. Right now more than 14 million journal 
bearings are carrying heavy loads at high speeds on 
American railroads. These railroads have to deal 
with an average of 183,000 hotboxes a year at a 
cost of some $90,000,000. 


Initial field tests by at least three leading railroads 
have shown hotboxes can be reduced materially by 
the use of grease containing Moly-Sulfide. A way 
has been devised to apply greases containing Moly- 
Sulfide on the journals of railroad equipment. This 
application is supplemental to the oil waste system 
and as a result the Moly-Sulfide films that are formed 
sustain lubrication until the oil film is reestablished. 


American automobile and truck manufacturers 
and their customers are now using lubricants con- 
taining Moly-Sulfide additive in at least 14 differ- 
ent applications. These include chassis points, ball 
joint suspensions, torsion suspension assemblies, 
fifth wheels, shackle bolts, king pins, valve stems, 
automatic window mechanisms, wind-shield wiper 
mechanisms, seat adjusters, drive shaft splines. 


In aircraft, Moly-Sulfide is added to aircraft 
greases. In jet engines under exacting conditions 
of temperature and pressure it is used on turbine 
shaft, splines and gear reduction units. 


In other industries, Moly- 
Sulfide is being used in lubri- 
cation jobs which formerly 
presented serious difficulties. 





Lubrication engineers are offered information and help 
in evaluating the use of Moly-Sulfide as an additive 
to lubricants by the Climax Molybdenum Co. 


Currently Moly-Sulfide is being investigated by 
many petroleum research laboratories and lubricant 
users. They are interested in studying, under prac- 
tical working conditions, the ability of Moly-Sulfide 
to increase effective lubrication. 


If insuring effective lubrication is a problem fac- 
ing your company, Moly-Sulfide additives may be 
a solution. Climax Molybdenum Company is the 
principal source of this product. If you need authori- 
tative information, please get in touch with us and 
we will be pleased to send you literature on Moly- 
Sulfide and the sources of supply for experimental 
lubricants containing Moly-Sulfide. 


DEPARTMENT 38 
CLIMAX MOLYBDENUM COMPANY 
500 Fifth Avenue, New York 36, N. Y. 


Please send me the following: 


Literature 
1. ‘‘Moly-Sulfide, Lubricant Additive’ 0 
2. ‘‘Moly-Sulfide in Chassis Grease’ 
3. ‘‘Moly-Sulfide Specification and Properties” 0 


List of Sources for 


2. Chassis Greases ( 
Sample — One-ounce tube of Moly-Sulfide 0 


A Florida cement plant is 
using gear compound contain- 
ing Moly-Sulfide to lubricate 


Aircraft manufacturers are 
using Moly-Sulfide greases 
on many types of ball and 
joint suspension lubrication. 


| 
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| 1. Railroad Greases 0 
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CLIMAX MOLYBDENU 
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NOW! 40-micron, self-cleaning filter 
It’s the new Cuno SUPER Auto-Klean 








HOW IT WORKS. Dirty oil enters inlet (1) at left, fills housing 
(2) and flows through metal edge-type filter (3). Clean oil 
rises through center of filter, leaves at right. Dirt combed 
out by cleaner blades (4) is removed through drain (5). 


@ STATIONARY ROD *” 









FILTER ELEMENT consists of stacked major and minor discs and 
cleaner blade bearing against minor discs. Smal] arrows show 
flow. Short restrictions between minor and major discs stop 
40-micron particles but allow high flow rate. 


Cuno’s new SUPER Auto-Klean is the first practical, com- 
pact micronic filter for lubricating oil, hydraulic fluid, coolant, 
fuel, and other industrial fluids. 

Many times smaller than other micronic filters of equal ca- 
pacity, Cuno’s new SUPER Auto-Klean filter now makes 
possible economical, micronic filtration at high flow rates 
and eliminates the need for replacement cartridges in most 
cases. Here’s what it offers: 

1. Full-flow 40-micron filtration with a self-cleaning filter. 
Positive protection against particles larger than 40 microns 
(actually 0.0015 in.). All-metal filter can’t rupture or channel. 
2. Easy cleaning. Just turn the handle—by hand or continu- 
ously with motor drive. No interruptions for cleaning. 

3. No cartridge changes. Ends operating costs if you've been 
using cartridge filters. 

4. Low pressure drop, no pressure drop build-up. An 8” by 
24” SUPER Auto-Klean filters 30 gpm of 200 SSU oil with 
only 3 psi pressure drop —up to 75% more with slightly 
higher pressure. 

5. High capacity in a small package. Many times smaller 
than replaceable-cartridge type filters of equal capacity, it 
saves with lower initial costs, lower installation costs. 

6. Easy to build into new equipment. Available for line-type 
housings (left) or incorporation in sump or reservoir (below.) 
Works in any position. 

7. Easy to install in old equipment. Fits existing Auto-Klean 
housings. You can easily replace most 2%” diameter elements 
with SUPER Auto-Klean for finer filtration. 


Write today for complete technical data on the new 
SUPER Auto-Klean for your new or existing equipment. 
Ask for Catalog No. SAK-057. Cuno Engineering Corpora- 
tion, 13-3 South Vine Street, Meriden, Connecticut. 59 





FILTERS FOR INTERNAL PIPING (A and B above) allow stream- 
lined design plus the best infiltration. Flange mounting with 
external outlet (C above) and line-type (large cutaway above 
left) are just a few of many other possibilities. 


i> ENGINEERED FILTRATION 


Removes More Sizes of Solids From More Kinds of Fluids 


AUTO-KLEAN (edge-type) * MICRO-KLEAN (fibre cartridge) * FLO-KLEAN (wire-wound) * PORO-KLEAN (porous metal) 
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Lube Lines 
by A. F. Brewer* 











PURCHASING LUBRICATION. Buying any 
type of product according to certain reasonable 
specifications can have merit and often reacts to the 
benefit of the purchaser. Obviously the specifica- 
tions should relate to quality; it may or may not 
comprise physical tests. Where lubricants are con- 
cerned, it is important to remember that in addition 
to buying products we also are buying results— 
lubrication. 

In the purchase of petroleum products, a speci- 
fication usually indicates physical tests which de- 
notes the physical nature of the oil or grease. In 
addition, according to the intended use, the specifi- 
cation can be broadened to suggest the type of addi- 
tive (if an additive is considered necessary) or the 
soap base in a grease. 

Such a specification, however, can be a two- 
edged sword, if it is too restrictive as to limits or if 
it attempts to cover methods of refining. Then it 
may limit the lubricant manufacturer in his ability 
to make use of the most modern methods of refinery 
processing. This is stated advisedly, on the pre- 
sumption that too many purchase specifications be- 
come out-of-date very rapidly due to the progress 
which is continually being made by petroleum tech- 
nology. What is modern today can very easily be- 
come obsolete tomorrow. This has been particu- 
larly true during the past few years, as the study of 
synthetic lubricant components, anti-oxidants, de- 
tergents, and rust preventives virtually revolution- 
ized the science of lubrication. This research was 
accelerated by war-time demands for better heat- 
and cold-resistant lubricants, for products which 
would assure bearing protection at speeds approach- 
ing 100,000 rpm, for cutting oils and coolants which 
would keep metal-cutting and grinding tools in serv- 
ice longer. 


Lubrication Performance, the Criterion. Selection 
and subsequent purchase of lubricants has a direct 
effect upon the performance of the machinery to be 
lubricated. It all depends upon the extent to which 
lubrication performance is considered. Lubrication 
performance is a measure of the results obtained 
from the application of lubricants. It can readily 
be converted into a monetary value by recording 
costs of lubricants, repair parts, labor for parts re- 
placement, and production losses due to machinery 
down time, if these repairs are traced to faulty lu- 
brication. 

Purchase of premium lubricants will not nec- 
essarily assure more dependable lubrication per- 
formance; it may, if the characteristics of these lu- 
bricants are suited to the operating conditions. Too 
often, however, a premium grade lubricant may be 
used to offset a structural defect such as misalign- 


*Consultant, and Author of “Basic Lubrication Practice.” 
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ment, or an operating condition which should be 
corrected instead. 

Purchase of lubricants by specification can be 
equally misleading. Simply because a buyer stipu- 
lates a set of physical tests to his lubricant supplier 
is no assurance that the former is going to get the 
lubricant best suited to his operating conditions. 
Some red oils, pale oils, or filtered products can be 
refined to approximately the same range of physi- 
cal tests according to their viscosity, yet their ulti- 
mate stability in service will vary widely. For aver- 
age service they might all give good lubrication, but 
if temperature should change abnormally or if un- 
duly high temperatures should increase the oxida- 
tion conditions, the assurance of dependable lu- 
brication would be reduced. 

On the other hand, if a purchase specification 
should require an anti-oxidant additive and the oil 
or grease bought under this specification were to 
be used for miscellaneous lubrication where such an 
additive is not needed, the overall cost of lubrication 
would be increased. It is all very well to say “do 
not use premium-additive lubricants promiscuous- 
ly,” but there always is a desire among operators to 
reduce the number of lubricants in stock. When 
there is doubt as to which extreme to approach, the 
advice of a competent lubrication engineer is a bet- 
ter factor of safety than an arbitrary specification. 

Features of machine design, of course, are al- 
ways important. The best interests of the plant will 
be served if these are outlined by the operating or 
engineering people and furnished to the purchasing 
department. If the latter purchases lubricants on a 
typical test basis in accordance with the design re- 
quirements of the plant machinery, better lubricant 
performance usually can be expected. For example, 
some gear cases or bearing housings may have to 
be built with no provision for draining or removing 
the lubricant without considerable disassembly. 
Durability or chemical stability of the lubricant for 
such service is more important than conformation 
with a set of test limitations which might have little 
or no bearing on the service. A light-consistency, 
non-channeling grease containing a suitable anti- 
oxidant would probably be best, and it could be of 
mixed-base (sodium-calcium) or lithium soap. To 
place a base restriction in a specification for such 
service would not affect the subsequent perform- 
ance. 


MEMBRANE-TYPE COMPRESSOR. “Refrig- 
erating Engineering” for January 1956 contains an 
interesting discussion of the membrane-type com- 
pressor as developed in France. The basic prin- 
ciple of this device involves the elastic deformation 
of a circular membrane to cause alternate suction 
and discharge of the fluid or gas being handled. A 
feature of this compressor, which makes it well 
suited to refrigeration and chemical service, is the 
fact that there is no lubricating oil pollution of the 
fluid or gas conveyed by the oscillations of the mem- 
brane. Meanwhile, oil-fog lubrication of the mov- 
ing parts of the reciprocating oil pump, which forms 
the major part of the machine, is brought about by 

(Continued on p. 157) 
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this was genius . - 








Anniversany 


INVENTOR 
SCIENTIST 
INDUSTRIALIST 


EDWARD GOODRICH ACHESON 


Yes, this was genius. 


Thomas A. Edison knew it. In paying tribute upon the 
occasion of Doctor Acheson's passing, he said “...as a 
former associate I know the world loses a great genius.” 


Leo Hendrik Baekeland knew it. He remembered him 
“as a man who combined a most fertile brain with great 
strength of conviction.” 


Walter B. Pitkin knew it. This famous psychologist said 
“As he created his place in our civilization so does that place 
pass with him. None shall fill it.” 


And the press knew it. They used in their editorials 
such phrases as “world’s acclaim of a genius,” “one of the 
geniuses of his time,” and “the loss of an inventive genius.” 


But what makes genius? 


Employing a mixture of carbon, sand, salt, and sawdust 
in a simple but effective electric furnace, made up of a few 
strands of wire, a carbon rod, and a plumber’s bowl, Edward 
Goodrich Acheson was able to bring into being a mass of 
scintillating crystals rivaling many gems in splendor and 
almost matching the diamond in hardness. These highly 
abrasive crystals he crushed and made into grinding wheels, 
and these wheels, in turn, were used to shape metals and 
make machines. Called “Carborundum” by Acheson and 
silicon carbide by the chemist, this new material did its job 
so well that it is credited with making possible today the mass 
production of automobiles, tractors, and countless other 
mechanisms. 


Possibly silicon carbide could be made better—harder or 
sharper. To this end Acheson subjected silicon carbide to 
higher temperatures for longer periods; what he obtained was 
not a harder substance but, instead, one of the softest —pure 
graphite. The extreme conditions to which he had exposed his 
jewels of industry brought about their disintegration, the 


ACHESON COLLOIDS COMPANY 


PORT HURON, MICH. PHILADELPHIA, PA. 
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ACHESON DISPERSED PIGMENTS CO. 


silicon passing off as vapor and the carbon remaining as a 
soft, unctuous residue. Manufactured graphite, destined to 
be of far-reaching importance, became another of Acheson’s 
contributions to industry. 


Unquenchable curiosity, coupled with the indomitable 
spirit that was his, led him to uncover means of preparing this 
new product of the electric furnace in the form of plates and 
cylinders. Put to work as electrodes, these soon revolution- 
ized electrochemical and electrometallurgical operations. 
Acheson had now made commercially feasible the produc- 
tion of new families of chemicals and laid the groundwork 
for the present efficient manufacture of steel and alloys. 


During Acheson’s painstaking efforts to produce graphite 
crucibles he experimented with many clays for use as binding 
agents—and he learned much about them—so much in fact 
that he was able to explain why the ancient Egyptians used 
straw in their brick making and what caused the formation 
of the deltas of the Nile and Mississippi. Most important, he 
discovered a method of rendering graphite colloidal. 


Colloidal graphite in modern i:dustry plays a role that is 
varied and complex, its unique properties finding utility in 
such dissimilar fields as lubrication, electronics, metalwork- 
ing, and lithography, to name a few. The techniques origi- 
nated by Acheson for colloidally dispersing graphite are 
being applied to other solids including carbon blacks, pig- 
ments, and minerals. 


To those of us in the companies identified with Doctor 
Acheson, his perseverance and achievement are an inspira- 
tion. We are proud to offer this tribute to his genius on the 
100th anniversary of his birth. 


Acheson Industries, Inc. 


GREDAG, INC. 
NIAGARA FALLS, N. Y. 


ACHESON COLLOIDS LIMITED 
LONDON, ENGLAND 
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Men of Lubrication 
by F. R. Archibald 











ARTHUR E. NORTON. Arthur Edwin Norton 
was born in Portland, Maine, in 1877. The Nortons 
were seafaring people, his grandfather and several 
of his great uncles being captains of ocean going 
sailing ships. His father did not, however, follow 
the sea, but owned and ran a grocery store in Port- 
land. His early education was obtained at Port- 
land High School, and showed him to be a serious 
student. At school he showed the quality of leader- 
ship, and he was well liked. Upon his graduation 
from high school in 1896, he received a medal for 
scholarship. Norton’s 
first introduction to engi- 
neering work was_ ob- 
tained in a night class in 
mechanical drawing given 
by the Charitable Me- 
chanics Association. 

Norton. graduated 
from Brown University 
in Mechanical Engineer- 
ing in 1900. He had en- 
rolled at Brown in the 
Ph.B course which was 
largely elective. He must 
have decided to take me- 
chanical drawing, for he 
met Professor (then an 
instructor) Kenerson who 
seems to have influenced 
him in his decision to take 
up Mechanica! Engineer- 
ing. During the course 
of his college career, one 
of his summer jobs was 
on the Back Bay Station 
of the New York, New 
Haven, and Hartford 
Railway Co. Norton as- 
sisted in the design of the 
station. 

Following his gradua- 
tion from Brown, Norton went to Drexel Institute in 
Philadelphia for a year as an instructor in mechani- 
cal drawing. The following year he got an ap- 
pointment as instructor in Mechanical Engineer- 
ing at the Lawrence Scientific School, Harvard 
University, where he spent, virtually, the rest of his 
life. In 1910 he became Assistant Professor, and in 
1920 Associate Professor. In 1931 he was appointed 
Professor of Applied Mechanics, the post he held 
at the time of his sudden death in 1940. 

As an instructor and Assistant Professor, Nor- 
ton taught courses in mechanical drawing, mecha- 
nism, and machine design. His quick grasp of 
principles is well illustrated by a reminiscence of 
Professor Kenerson: Norton was required to teach 
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Arthur E. Norton, 1877-1940 


gear theory in the course on mechanism, a subject 
in which he had had no previous training. Profes- 
sor Kenerson, at his request, gave him a one-hour 
discussion of the theory of gears. He required no 
further help. He was a devoted teacher, always ac- 
cessible, sympathetic and ungrudging of his time to 
the students. 

In 1915 Norton became interested in power 
plant engineering and, as a consequence, he was as- 
sociated with James J. Storrow on coal conservation 
during the first world war as an engineer in the U. S. 
Fuel Administration. Later he made power plant 
studies for state hospitals in Maine and Massa- 
chusetts. During this period he invented a booster 
power plant for railway freight locomotives. The 
problems associated with railroad car brake shoes 
and journal bearings, with which he came in contact 
at this time, led him to the study of lubrication. 

An interesting com- 
ment on Norton’s activi- 
ties following the world 
war is provided in a Min- 
ute of the Faculty of En- 
gineering, Harvard Uni- 
versity, prepared by col- 
leagues a short time after 
his death. “A new era 
opened for Norton in the 
twenties. At this time a 
renascence was taking 
place in the field of ap- 
plied mechanics, originat- 
ing chiefly in the aerody- 
namic researches of 
Prandtl and his group at 
Gottingen. The new aero- 
dynamics was soon gen- 
eralized as fluid mechan- 
ics, and began to expand 
the scope of studies which 
had hitherto served the 
engineer under the label 
of ‘Hydraulics.’ At the 
same time, the demands of 
the growing art of the 
aeronautical engineer and 
other parallel develop- 
ments brought a new 
urgency to the study of 
vibration, to the analysis of the strength of thin- 
walled structures, and to other imperfectly under- 
stood matters in the mechanics of solids. In this 
country the influence of Timoshenko was profound, 
both in the development of the theory and in the 
stimulation of a considerable group of young and 
able engineers. Norton responded notably to these 
developments. His interests, which had been prin- 
cipally in the constructional arts of the engineer, 
now became increasingly analytical and turned to- 
wards the science of the engineer. His instruction 
in machine design incorporated at once the new 
knowledge; his main interest became the applica- 
tion of the new fluid mechanics to the subject of 

(Continued on p. 157) 


91 


















Ingersoll-Rand 75 H.P. Air Compressor 
Equipped With a 2-feed Madison-Kipp 
Model SVH Lubricator. 
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i 
3 
: 
‘ pom i 


Machines of great performance use the most 
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dependable oiling system ever developed 
MADISON-KIPP 


Z . 
“bth Cit .. by the measured drop, 


from a Madison-Kipp Lubricator is the most dependable method of 
lubrication ever developed. It is applied as original 
equipment on America’s finest machine tools, work engines 
and compressors. You will definitely increase your 
production potential for years to come by specifying 
Madison-Kipp on all new machines you buy, where oil under 
pressure fed drop by drop can be installed. There are 
6 models to meet almost every installation requirement. 


MADISON-KIPP CORPORATION 
223 WAUBESA STREET + MADISON 10, WIS., U.S.A. 
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@ Skilled in Die Casting Mechanics ©@ Experienced in Lubrication Engineering @ Originators of Really High Speed Air Tools 
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RESEARCH 


APPLICATION EDUCATION MAINTENANCE 











Summit or Threshold? 


Few recognize the extent of the work entailed in the preparation of an annual 
meeting such as ours. The culmination of these arrangements is the very fine pro- 
gram prepared through the efforts of the National Program Committee and the Tech- 
nical Committees. The exhibit booths represent painstaking efforts by the exhibitors 


and the Exhibit Committee to bring the latest materials and methods to you. 


The social side of the meeting has not been neglected. Because of the diligent 
efforts of the Pittsburgh Section and the Ladies’ Program Committee, the entire meet- 
ing is both interesting and educational. Its success is the result of many individuals 


working and coordinating through the efforts of the National Headquarters. 


Our membership has passed 2700 thanks to the efforts of the National Member- 
ship Committee and the Regional Vice-Presidents. All of these activities spell 
GROWTH. 


We can not stop here, content with our singular accomplishments during the 
eleven years since our founding. Recognition of the Professional status of the Lu- 
prication Engineer by academic as well as industrial agencies is essential to our 
future projects. As the need for specialists in lubrication grows, the requirements 
must be filled with competent young lubrication engineers, trained in the theory and 
skills available in the technological institutions throughout the country. True, we 
have accomplished much since 1945, but greater goals lie ahead. This is not the 


Summit, this is our Threshold. 


W. “Wib” Deutsch, President-Elect 


American Society of Lubrication Engineers 
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Over half the 


speed reducer 


manufacturers. . 
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\ Oil Seals / | 


ee ee 


Cross sectional view showing 
Garlock KLOZURES on one of a 
complete line of speed reducers 
made by Dodge Mfg. Corp., 





Mishawaka, Indiana. 


Makers of such fine precision products as The Dodge 
Torque-Arm Speed Reducer will not compromise when 
specifying oil seals. They know that the reputation of 


Model 53 finger spring 
KLOZURE for normal 
and high speed service, 
applied to a shaft to 
protect the ball bearing. 





THE GARLOCK PACKING COMPANY, Palmyra, New York 


For Prompt Service, contact one of the 30 sales offices and warehouses throughout the U.S. and Canada. 


CQanntocx 


their entire product may depend 6n the quality of the 
oil seals they put in it. 


Think about this the next time you have occasion to 
specify oil seals, and we think you'll choose Garlock 
Ktozure Oil Seals—guaranteed to do the job you spec- 
ify with minimum power loss and heat generation. 


Kiozunres are available in a complete range of types and 
sizes. Therefore, be sure to call in one of Garlock’s 125 
trained sales engineers right at the start. His experience 
will save you time and money. Or, write today for 
Catalog No. 10. 


* Registered Trademark 
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Packings, Gaskets, Oil Seals, Mechanical Seals, Rubber Expansion Joints 
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Nature & Performance 


Of Some Inorganic Base Greases 


by W. H. Peterson, J. B. Accinelli G A. Bondi* 


Inorganic gelling agents are becoming increasingly 
important in grease preparation, thus a review of 
the potential advantages or disadvantages of these 
new products as industrial lubricants is timely. We 
shall endeavor in this paper (1) to survey the his- 
torical developments that led to the present greases, 
(2) to sketch the fundamental characteristics of the 
new gel systems, and (3) finally to illustrate the 
accomplishments to date by typical performance 
data. 


Why a New Gelling Agent? To anyone familiar 
with current grease technology this question quite 
naturally presents itself, since the best soap type 
multipurpose greases have very few shortcomings. 
If the emphasis is on extremes in high and low tem- 
perature service, then only combinations of syn- 
thetic lubricating fluids with some new gelling 
agents will be useful. However, such solutions to 
provide multipurpose greases are economically un- 
attractive, and we do not propose to discuss such 
specialty products, since they are rarely of interest 
in industrial lubrication. Why then go to radically 
different gelling agents? 

The answer is that through relatively small im- 
provements the usefulness of a multipurpose grease 
can be greatly extended. Ina plant, the point most 
difficult to lubricate generally determines the mini- 
mum quality expected of multipurpose lubricant. 
Thus the influence of such lubrication points upon 
multipurpose grease specifications is out of all pro- 
portion relative to their number. Fig. 1 illustrates 
schematically the possible effect of raising the tem- 
perature ceiling (for long term performance) on 
the fraction of plants which can be serviced by a 
single multipurpose grease. The same is true for 
better lubrication under water wet conditions. Such 
an extension of the usefulness of a multipurpose 
grease justifies, in our opinion, a considerable effort. 


History of Inorganic Gelling Agents for Organic 
Fluids. Of the two principal gel agents, silica and 
clay, silica was the first to be proposed for grease 
making. Thomas Graham, the founder of colloid 
chemistry, showed how silica gel could be trans- 
ferred from its aqueous environment into organic 
liquids where it served as a gelling agent.2_ The ap- 
plication of this idea to the manufacture of lubricat- 
ing greases had to wait about 60 years, when in 1927 


*Shell Development Co., 4560 Horton St., Emeryville 8, 
Calif. 
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German investigators proposed the use of silica gel 
for grease making, using, incidentally, Graham’s 
original procedure of miscible solvent transfer for 
their preparations. The use of silica gels, of vari- 
ous types, for grease manufacture has since been 
claimed by a number of inventors.*'! In the case 
of clay, only a short time interval elapsed between 
the discovery of the fundamentals of clay oleogel 
preparation and their application to lubricant manu- 
facture.’)> Other materials such as calcium carbo- 
nate, calcium silicate, and magnesium silicate have 
also been proposed but not developed commercially 
as grease gelling agents. 


Basic Principles. None of the inorganic gel greases 
proposed by their first inventors were marketable 
products. A short survey of the basic principles 


governing the behavior of such greases will clarify 
the nature and the solution of their innate short- 
comings. 

Suspensions of particles in liquids form gels 


This is 


only if forces act between the particles. 
most readily demon- 
strated by magnetizing 
a fluid oil suspension of 
powdered iron. Here 
the magnetic force 
causes the iron parti- 
cles to interact one 
with another gelling 
the oil. 

The bonding forces 
between particles must 
be large compared with 
the disrupting effects of 
the thermal molecular 
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Fig. 1. Probable relationship between the temperature ceil- 
ing (for long term operation) of a multipurpose grease and 
the fraction of all industrial plants in the U. S. in which 
it might serve as a single grease (assuming it meets all 
other requirements). 


motions in the system. In non-aqueous solvents 
when the particles are distant from each other, 
forces act which are generally attractive. These can 
be estimated to a fair approximation from the prop- 
erties of the liquid and of the solid particles.* The 
magnitude of these forces is proportional to the dif- 
ference between the cohesive forces of the solid par- 
ticles and the oil, and are, therefore, generally the 
greater the more the two differ in chemical compo- 
sition. These attractive forces pull the particles to- 
ward each other. 

Once the particles are in contact, other forces 
come into play. If, as is often the case, the particle 
surface is covered with a skin of water, the cohesion 
of the particles is determined by the force necessary 
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Fig. 2. Defloccing effects of surface coatings. 
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to break the liquid menisci and, therefore, depends 
largely upon the interfacial tension between water 
and oil. With “dry” particles, on the other hand, 
the pressure provided by the attraction forces men- 
tioned above, or the nature of the chemical groups 
on the surface, may lead to the formation of inter- 
particle bonds equaling the bulk strength of the 
particles (similar to those encountered in dry fric- 
tion). 

The magnitude and the range of the interpar- 
ticle forces, as well as the requirements imposed by 
the lubricants’ application, call for average particle 
diameters of less than about 1 micron. Commercial 
inorganic gel agents are of this size but have varied 
shapes such as spheres, short ribbons, platelets, 
needles, and porous sponges. All will gel petroleum 
oils at very low volume concentrations, some as 
low as 1.5% v. Differences in gelling ability have 
been found which may be due to the geometry of 
the particle. Often spheres are less effective gelling 
agents than anisometric particles, sponge-like gels 
being most effective when compared at equal attrac- 
tive force. 

In accord with one of the requirements for 
gelling, namely that a large difference exists in 
composition between oil and particles, the gelling 
particles are generally hydrophilic and, thus, easily 
displaced from the oil by water. Only organic par- 
ticles, such as the soaps, the phthalocyanines, and 
similar organic pigments, some carbon blacks and 
also the new aryl urea derivatives, have a sufficient- 
ly large hydrophobic surface fraction to resist sepa- 
ration by water. The inorganic surfaces, therefore, 
have to be partially covered by hydrophobic sub- 
stances to become water repellent. Complete cover- 
age would so screen the force fields as to prevent 
the formation of a gel. The de-gelling, or defloc- 
culating, effect of the hydrophobing agent is gen- 
erally proportional to the extent of particle surface 
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Fig. 3. Increased flocculation due to surface coating ther- 
mal desorption. 
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covered, as shown by the curves of Fig. 2. To main- 
tain consistency with increased water resistance 
therefore, requires increased concentration of gel 
agent. Thus a compromise has to be reached be- 
tween the required degree of water resistance and 
an economically desirable minimum content in 
gelling agent. 

As a result of the desorption of the surface 
layer as the temperature is raised, the consistency 
of greases made from such coated particles may 
change with temperature, since the gelling effect 
is dependent on the extent of surface coverage. This 
is shown by the consistency vs temperature curves 
of Fig. 3. The strength of attachment of hydro- 
phobing agents in typical inorganic base greases 
ranges from covalent and ionic bonding to simple 
physical adsorption on the particle surface; thus no 
general picture can be given of their consistency- 
temperature relations. 

The extent of surface coverage by the water 
proofant also affects shear stability. Inorganic base 
greases, just like soap base greases, can be degraded 
by prolonged shearing such as occurs in the Shell 
Roll Test. But the mechanism of degradation is 
quite different. While most soap greases lose their 
consistency in this test because the fibrous soap 
particles are torn to isometric shreds, the inorganic 
base greases which have been studied soften be- 
cause the small gel particles compact or snowball 
into relatively larger particles (see Fig. 4), and are 
thereby withdrawn from the gel network. As one 
should expect, this agglomeration process is very 
much retarded by the presence of the organic water- 
proofing layer on the gel particles. Inorganic base 
multipurpose greases, which must be water resist- 
ant, therefore exhibit generally excellent shear sta- 
bility. 

The consistency of inorganic base greases is 
extremely sensitive to the composition of the ad- 
sorbed layer on the particle surface. This is par- 
ticularly apparent in their response to small amounts 
of moisture, as is illustrated by the steep consistency 
vs water content curves for silica gel grease on Fig. 
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Fig. 4. “Snowballing’ 
silica grease during Shell roll test. 
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5. The water undoubtedly adsorbs on uncovered 
islands of the particle surface, thus increasing great- 
ly the interparticle cohesive forces. Whether this 
contribution derives from the interfacial tension 
forces mentioned above, or through some other 
mechanism, is not clear at present. All of the inor- 
ganic base greases which we have examined exhibit 
qualitatively similar consistency response to water 
and other flocculating agents, but the extent to 
which they do so differs rather widely among the 
various types of gelling agent-surfactant combina- 
tions. The irreversible consistency changes which 
some of the inorganic base greases exhibit after 
having been kept for some time at elevated tem- 
peratures, appear to be connected with a loss of 
moisture. 

Several of the inorganic base greases, which 
exhibit a loss in consistency when stored at elevated 
temperatures, performed very well in high tempera- 
ture field service. Therefore, some of the physical 
property correlations that predicted field perform- 
ance for soap base greases may have to be revised 
when applied to these novel products. 

Rust prevention in inorganic gelled greases us- 
ually requires the addition of suitable rust preven- 
tive agents. These agents also affect the consistency 
temperature curves since they may adsorb on the 
gel particles. Their adsorption, being in competi- 
tion with the metal surfaces to be protected, critical- 
ly determines the choice and performance of the 
rust preventive agent. 


Performance Characteristics. The “simple” physi- 
cal properties of greases described in the previous 
section are at least explicable in terms of an easily 
grasped physical picture of the various features of 
the microscopic gel structure. However, the grease 
performance tests, themselves simplified facsimiles 
of more complex field exposures, involve the inter- 
action of so many variables that the results obtained 
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Fig. 5. Effect of water content on consistency; figures on 
curves refer to percent of surface covered by water prootant. 
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Fig. 6. Stripping of greases from metal surfaces by water; 
(left) experimental waterproof soap-base grease, (second 


with them should be described only as such. There 
are two performance features which particularly ex- 
tend the usefulness of some of the inorganic gel 
greases; these are improved water wet and high 
temperature performance. 


Water Wet Performance. This involves water re- 
sistance of the grease, lubrication in the presence of 
water, and corrosion caused by moisture. 

No grease is truly water resistant. The above 
described surface characteristics of the gel par- 
ticles, be they water insoluble soaps or partially 
hydrophobic inorganic solids, make them ideally 
suited as solid emulsifiers or at least as emulsion 
stabilizers. Hence the extent of water resistance is 
entirely defined in terms of the test which is applied 
to measure it. The test, in turn, must be related to 
the expected field service in order to be meaningful. 

The data of Table I show that all of the com- 
mercial inorganic base greases meet the usual test 
requirements for water resistance. In some of the 
more severe tests, such as the water-roll test, several 
of the inorganic greases appear to excel the best 
multipurpose soap base greases in resistance. 

Water resistance is of little practical meaning, 
however, if the grease is displaced from the bear- 
ing surfaces by water, since it would then be un- 
able to lubricate a water wet bearing. We have 
observed bearings lubricated with some water re- 
sistant greases — soap as well as inorganic base - 
come to a grinding halt soon after injection of water 
in the course of one of our tests (i.e., the dynamic 
corrosion tests which will be described later on). 
The incipient stripping of the grease film is ob- 
served as a load increase on the wattmeter of the 
drive motor to the bearing. The stripping action 
of water on some greases is also demonstrated by 
the simple steel panel test shown in Fig. 6. Here 
the samples were submerged in water at 80 C. for 
24 hours. Needless to say, a well balanced grease 
composition is not displaced from metal surfaces 
either by hot or cold water. 

The first experimental, and even some com- 
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from left) clay grease B, (second from right) silica grease 
C, (right) silica grease A. 


mercial inorganic base greases, did not prevent 
corrosion. Extensive experimentation with field- 
correlated facsimile bearing tests, such as described 
in the Appendix, made us appreciate the need for 
careful balance in adsorption equilibrium for the 
rust preventive agent between the rather large gel 
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Fig. 7. Dynamic corrosion of water wet bearing completely 
eliminated by improvement ,in silica grease formulation; 
(left) Silica B, (right) Silica A. 
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particle surface (of the order of 5 to 25 m?/gram of 
grease), the metal surface with which the grease is 
in contact (of the order of 0.01 m?/gram of grease, 
if the lubricant layer is 0.1 mm thick), and the 
erease water interface. 

The bearing test results on Fig. 7 illustrate the 


Fig. 8. Static etching of water wet wheel bearings and re- 
sulting bearing damage. 
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extent to which protection against dynamic corro- 
sion in an operating bearing has now been achieved. 
The effect of the even more insidious static staining 
is shown in Fig. 8. Here the static etch marks, re- 
sulting from electrolytic attack in the contact areas 
of the rolling elements and races during rest periods 
of the water wet bearing, subsequently lead to com- 
plete bearing failures of the type shown in Figs. 8b 
and 8c. During operation the high local stress con- 
centration around the etched areas may cause pre- 
mature fatigue failure of bearings (Fig. 8b) or 
fracture of the cage by roller skidding (Fig. 8c). 
Greases can now be made which protect bearings 
against this type of attack for very long periods of 
rest or storage, as shown in Table IT. 

As a result of the new insight gained, it is now 
possible to make inorganic base greases which equal 
or exceed the rust protective ability of most multi- 
purpose soap base greases at no sacrifice in high 
temperature properties as discussed in the follow- 
ing section. 


Bearing Performance at Elevated Temperatures. 
One of the primary incentives for development of 
inorganic base greases has been the expectation of 
improved high temperature performance in com- 
parison with equivalent soap base greases. Such 
performance is the result of a combination of prop- 
erties deriving from both the gelling agent and 
the oil. Even the most stable gelling agent is of 
no avail if the lubricating fluid evaporates or oxi- 
dizes toatar. In this respect, the new greases pose 
the same problems of proper choice of oils and anti- 
oxidants as the old. The ability of some inorganic 
base greases to set somewhat at elevated tempera- 
tures may assist them in staying in the bearing, 
where soap greases would soften and run out. In 
other cases the oxidation products of the oil might 
lead to undue softening of the grease due to adsorp- 
tion and consequent deflocculating of the gel. Only 
hearing and field tests have so far been able to give 
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Fig. 9. Sketch of wheel bearing corrosion test rig. 





Table I. Water resistance of typical inorganic base greases. 
Key: a) According to test procedure of U. S. Spec. ANG 
3a; b) According to test procedure of U. S. Spec. ANG 15; 
c) Shell roll test on grease containing 20% admixed water; 
d) Experimental greases; e) Experimental greases made 
from purchased gelling agents; f) Purchased grease; g) En- 
tered for comparison purposes: typical data for best com- 
positions. 








Water |Bearing 
Absorp-| Wash-| Water | Lubrication 
tion, out, Roll of 
% % Life, hrs} Water Wet 
Grease (a) (b) (c) | Bearing 
Silica a4) 80 | 1.5 7 good 
4 B ©) 15 | <1 >10 very poor 
Clay A 4) 90 | 0.5 | 36+ good 
" B *) 90 | 1.0 | 16 | fair to poor 
oy ce) 135 - |>150 poor 
L. Soap Multipurpose®) <100 | <2 >4 good 























the final answer to such questions. Tables IIT and 
IV present the rather favorable answers to these 
questions. Conditions can undoubtedly be chosen 
to come to rather different conclusions. The bear- 
ing operating conditions described on these tables 
were chosen to represent typical industrial applica- 
tions. 


Summary. The evidence to date indicates that the 
mechanical properties and the water resistance of 
inorganic base greases can be understood in terms 
of the fraction of gel agent surface covered by 
waterproofant and surfactant. A careful adjust- 
ment of this fraction is required to obtain good 
water resistance and rust preventive ability without 
significant loss of grease consistency. 

This has been achieved, to varying degrees of 
success, through the use of very different tech- 
niques. In some cases the hydrophobic groups are 
attached to the surface by chemical bonds, i.e., 
covalent in the case of the esterified silica surface, 
and ionic in the case of the organo-bentonites. In 





Fig. 10. Cosmetic jar containing lubricated bearing par- 
tially submerged in 12 ml of water (0.05%w NaCl solution). 
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Table II. Corrosion preventive ability of various inorganic 


base greases. Key: a) Grease samples are identical with 
those of Table I; b) Glass jar corrosion test is described 
in Appendix; c) Dynamic and static corrosion test in roller 
bearing are described in the Appendix, ratings are: 0 = bad 
corrosion to 10 = no corrosion; d) Bearing seizes as soon 
as water is injected. 








Glass Static 

| Jar Test) Corrosion Rating 
| Rating after Dynamic 24 hrs 

| Grease® 500 hrs Corrosion Rating®) | After Running® 
| 

Silica A 5 10 10 

| " +14) 1d) 

| B 0 fails fails 

| 

‘hay A 10 10 10 

; = 2B 0 4 0 
BR: 0 7 0 

















Table III. Performance of various inorganic base greases 
at elevated temperature. Key: a) Grease samples are iden- 
tical with those of Table I; b) Single ball bearing, type 
206K, operating at 1750 rpm, at 12% of design load (cycles 
are each 20 hrs at specified temperature); c) Quadruple 
ball bearing, type 206K, operating at 3600 rpm, at 12% of 
design load (cycles are each 20 hrs at specified tempera- 
ture); d) Exhibits strong superficial set (increase in con- 
sistency); e) Data obtained in the ABEC test at the same 
temperature. 








Cre | Navy 
Wheel - Bearing 

bearing | Test | Special Ball Bearing 
| Test | 118°C. | Tests at 150° C. 
6 hrs, (250° F.) | Cygles to ot i 
| Grease | 110°C. | hrs to failure | a? b° 
aera ] = 
| Silica A OK?) | 600 to 20008) | ~ >15 
B | OK | - | - | - 
| Clay A | OK | ~ >700 | >20 | >20 
OK - | ay 
ie esciet  Ceican i 

Li oui. | | 
| Industrial | | | 
| Multipurpose| OK | 600 10-12 | 10-12 











other cases they are held by the forces of physical 
adsorption, i.e., amines and alcohols in non-swelling 
clay and soaps, and alcohols or amines on silica in 
some of the authors’ own experimental products. 
Satisfactory performance in the critical areas 
of modern industrial multipurpose greases, i.e., ele- 
vated temperature and water wet performance, can 
be obtained simultaneously with some of these new 
inorganic-base greases. In other “standard” quali- 
fication characteristics for premium multipurpose 
ereases, no serious difference can be detected be- 
tween the best of these greases and the best multi- 
purpose soap base greases currently on the market. 


APPENDIX 


Wet Wheel Bearing (Dynamic) Corrosion Test. Appara- 
tus. Fig. 9 shows a sketch of the apparatus used in the wet 
bearing performance test discussed in this paper. Basical- 
ly, the machine consists of two Timken tapered roller bear- 
ings mounted back-to-back on a rotating shaft. The bear- 
ings are loaded axially by four calibrated springs to the 
maximum rating specified by the manufacturer’s cata- 
log. A 25 ml burette suitably supported near the front 
(test) bearing holds the water used to contaminate the 
bearing while running. Bearing temperature is uncontrolled 
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Table IV. High temperature performance of special in- 
organic base grease in comparison with commercial high 
temperature greases. Key: a) Bearing type Fafnir 206K 
(25 mm bore) Conrad type ball bearing with ball controlled 
pressed steel separator. 

















; ee 
10 hr Cycles 
| in Bearing” 
| Grease at 200° C. 
| Purchased High Temperature Soap Grease A 6 

| Purchased High Temperature Soap Grease B 5 

| Purchased Clay Base Grease ae 

| Experimental Silica Grease 10-15 

| Cu Phthalocyanine in Silicone >20 





Table V. Operating schedule for bearing corrosion test. 


Elapsed Time | 
Hours | Minutes 











| 0 | 00 Start, load, record bearing temperature 
| 0 05 Inject 2 m1 H20, record bearing temperature 
0 | 30 " " " " " 
i | 00 ‘ Al " " w w 
a. 4 30 ] " " " '" " 
2 | 00 | " " " w ™ 
2 | 20 " " " " " 
Z 


30 |Record bearing temperature - stop. 





and is measured by a thermocouple in contact with the 
outer race. The bearings are equipped with grease retain- 
ers having sufficiently large cavities to hold at least 10 ml 
of water within the bearing compartment. 

Test Procedure. Approximately 20 grams of grease are 
required for one test. The bearing is packed by hand with 
8 to 10 grams of the test grease, and the inside surfaces of 
the bearing compartment are coated with a thin film of the 
grease. After assembly, the machine is started at very light 
load and is rapidly brought to the desired test load while 
running. The first injection of water (2 ml) is made 5 
minutes after starting, and subsequent 2 ml injections are 
made in accordance with the test schedule shown in Table 
ae 

The pertinent data of the test and the operating condi- 
tions employed are shown in Table VI. At the end of the 
2'% hour operating period and after inspection for dynamic 
corrosion, the bearing cone is assembled in its outer race 
and placed in a covered glass crystallizing dish (3 inches in 
diameter) in contact with all the water collected from the 
run. The water must be carefully poured over the bearing 
so that it penetrates through to the bearing rollers and has 
ample opportunity for metal contact. In this static corro- 
sion phase of the test, the bearing is allowed to remain un- 
disturbed for 24 hours and then inspected for rust stains 
on its working surfaces. 


Glass Jar Corrosion Test. This is a test procedure for 
evaluating the moisture corrosion of non-operating, grease 
lubricated bearings. To simulate observed field conditions, 
a short period of operation of the test bearing is followed 
by a long non-operating period in which the bearing is in 
contact with water. The water is introduced after opera- 
tion has ceased. 

Test Apparatus and Procedure. A bearing (Timken 
cone No. 15118 and cup No. 15250-X) is packed by hand 


Table VI. Specifications and operating conditions for dy- 
namic corrosion test. 





Bearing: 


Timken tapered roller 


Cup No. 15250-X 


Single phase, 60 cycles AC 


| 110v, 1/4 hp, 1750 rpm 


] 

Cone No. 15118 | 

| 

Driving motor: | 


| Distilled H20 plus 0.05%w 


Water for contamination: 
NaCl | 
1 
| 





Operating Conditions: 


Speed | 1750 rpm 

Load (axial) | 530 lbs (catalog rating) 
Temperature, °C. | Not controlled but usually 
| 70-85 

Total water injected 12 ml 

| 2-1/2 operating: 24 non- 
operating 


Test duration, hrs 














with approximately 8-10 grams of the test grease, and after 
packing is placed on a drill press spindle and rotated for 
one minute at 1750 rpm with an axial load of about 40 
pounds. The bearing and outer race are removed from the 
spindle undisturbed, and placed in a clear glass 8 oz. cos- 
metic jar (cone bore axis vertical and major diameter of 
the tapered rollers facing up). 12 ml of water, containing 
0.05%w NaCl, are poured over the bearing cone, particu- 
larly over the spaces between the rollers. Fig. 10 shows a 
photograph of a test in progress. 

Bearing Inspection. The bearings are inspected at de- 
sired intervals (24, 250, 500 and 1000 hours are suggested 
periods). Interruption of the test for inspection will not 
affect the results if care is used, but preferably separate 
tests are set up for each time interval. At each inspection 
the condition observed is rated from 0 to 10, in which 0 
denotes very heavy corrosion and 10 no corrosion. The 
rating assigned should reflect both the working area covered 
by, and the depth of, the resulting corrosion. 
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sulfide. 


filling. 





WANTED ... 


Samples of sludges and emulsions from machines containing soluble oils and smelling strongly of hydrogen 


Samples of soluble oil emulsions which break quickly. 
Samples should be sent in bottles which have been disinfected with alcohol rinses for 10-15 minutes before 


Send to Dr. H. Pivnick, Dept. of Bacteriology, University of Nebraska, Lincoln 8, Nebraska. 
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Electron Microscope Study 
Of Lubrication & Wear 


by S. B. Twiss, C. R. Lewis & D. M. Teague* 


The specimens used in this study were crossed steel cylin- 
ders, one cylinder rotating, the other being stationary. 
Under these conditions of high unit loading, wear particle 
size, damage of the metal contact surface, and wear rate in- 
crease with increasing original surface roughness of the 
moving metal part. 

The type of lubricant strongly affects the wear process. 
Wear with purified mineral oil produces extremely minute 
particles, possibly by extensive and continuous microscopic 
welding of the sliding surfaces, due to rupture of the simple 
hydrocarbon film under the high unit loads. In contrast, 
ethyl palmitate or a 5% addition of sperm oil to mineral oil 
provides improved boundary lubrication, larger and fewer 
wear particles, little welding, and an extremely smooth sur- 
face except for occasional deep scratches. 


The wear of metals, although a universally experi- 
enced phenomenon, is not completely understood. 
The number of factors involved in wear and the 
difficulty of controlling them experimentally makes 
this subject a difficult one to study successfully. 
Bowden and Tabor have discussed at length the 
effect of many variables on friction and wear. 

A recent survey of the extensive literature on 
the subject of friction and boundary lubrication has 
revealed a general agreement that the primary 
mechanism of sliding friction is the formation and 
rupture of minute “bridges” between the asperities 
of the sliding surfaces.2, The same mechanism ap- 
pears to be operative in causing metallic wear, 
where, in the process of rupturing such bridges, 
metal particles are torn loose from the surfaces. 
Many workers have demonstrated that metal trans- 
fer occurs even in the case of lubricated friction. It 
is probable that the transferred metal, remaining as 
asperities or raised areas on the metal surface, act 
to abrade particles from the mating surface. 

The purpose of the present study was to obtain 
more detailed knowledge of these features of lu- 
brication and wear by the use of the electron micro- 
scope. This appeared to be an ideal instrument to 
study at high magnification the metallic particles 
torn loose from the surface by rupturing of the mi- 
nute welded areas and by abrasion of the surface. 
It was of interest, also, to determine the possibility 
of observing directly the presence of transferred 
metal on one of the surfaces, which should appear 


*Chrysler Corp., Engineering Div., Box 1118, Detroit 31, 
Mich. 


(This paper was co-sponsored by the ASLE Technical Com- 
mittees on Bearings & Bearing Lubrication, and Lubrica- 
tion Fundamentals, and presented at the ASLE 10th Annual 
Meeting, Chicago, April 15, 1955.) 
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as raised areas at high magnification. Since sur- 
face finish, type of lubricant, and metal composition 
are known to significantly affect wear, these vari- 
ables were included in this study. 


APPARATUS. The friction wear apparatus em- 
ployed in this study has been described in detail by 
Burwell and Strang.’ Sliding friction under high 
unit loading was produced. The wear occurred at 
the contact of two cylindrical specimens mounted 
with axes perpendicular to each other. One cylin- 
der was rotated at a fixed speed while the other was 
pressed against it with a fixed load, producing an 
essentially circular wear area on the rider. A light 
micrograph of a typical wear scar is shown in Fig. 
1, at a magnification of 60 X. The surrounding, 
original surface was ground (20 microinch rough- 
ness), while the worn contact area is much smooth- 
er—almost featureless under the light microscope. 

Lubricant was applied to the surface in the 
form of a drop at the contact point of the two cylin- 
ders, remaining there throughout the test due to 
surface tension effects. 
The primary variable 
studied in this program 
was the effect of sur- 
face finish of the wear- 
ing surfaces, although 
a few tests were made 
with different specimen 
metals and lubricants. 

Most of the work 
was done with speci- 
mens having standard 
automobile engine pis- 
ton pin 





dimensions, S. B. Twiss 
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(Light optical micrograph, 


Fig. 1. Wear contact area. 
60 X) 


but consisting of S.A.E. 4027 steel, gas carburized 
for thirteen hours at 1680-1700 F., quenched in oil 
and tempered at 300 F., resulting in a surface hard- 
ness of 62.5-64.0 Rockwell C. The tests were run 
for two hours at a load of 2100 grams with a surface 
speed of 8.63 feet per minute, using a highly re- 
fined white mineral oil as the lubricant. A few ex- 
ceptions to these test conditions will be noted as the 
individual tests are described. 


ELECTRON MICROSCOPE TECHNIQUES. 
The wear surface was examined electron micro- 
scopically by means of replicas. In brief, a dilute 
solution of formvar in dioxane or chloroform was 
tlowed onto the specimen surface. After the solvent 
had evaporated, the plastic replica film was sup- 
ported with a wire grid and stripped from the wear 
surface. The replica was then vacuum-shadowed 
with chromium or aluminum-gold at an angle of 45 
degrees to the surface. Direct-printed electron 
micrographs of negative replicas prepared in this 
manner have the same relative appearance as though 
the original specimen surface, itself, were being ob- 





Fig. 2. Original 1.5 to 3 microinch (“Superfinished”) sur- 
face of the cvlinders used in some tests. (10,000 X) 
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served.” Metal shadowing enhances resolution and 
aids in the interpretation of surface contours by pro- 
viding a three-dimensional appearance. 

Although the specimen surface was a curved 
cylinder, no serious difficulty was encountered; the 
replica supporting grid was curved beforehand to 
lie flat against the surface. The support grid was 
centered over the wear contact impression (which 
was frequently very small) with the aid of a binocu- 
lar light microscope. Wherever possible, the rep- 
lica was located so that part of the wear impression, — 
as well as the surrounding unworn surface, could be 
observed in the electron microscope. 

The metal particles produced by wear were de- 
posited principally at the trailing edge of the sta- 
tionary cylinder wear impression. The distribution 
and appearance of these particles were observed by 
carefully degreasing the specimen surface without 
disturbing the particles and flowing a dilute solu- 
tion of formvar over the surface. When dry, the 
film of plastic containing the metal wear particles 
embedded in it was stripped from the surface and 
observed in the electron beam. 


RESULTS. Fig. 2 is an electron micrograph at 
10,000 diameters of the original 1.5-3 microinch 
(“Superfinished”) surface of the cylinders used in 
some of the tests. The multidirectional scratches 
are characteristic of the surface finishing technique 
and distinguish it from the rubbing contact impres- 
sion, where the scratches are all parallel to the di- 
rection of rubbing. 


White Mineral Oil Lubricant. A series of experi- 
ments were made in which load, sliding speed, dura- 
tion of test, and lubricant (mineral oil) were con- 
stant, while surface finishes of the two cylinders 
were varied. Table I gives the conditions of test, 
wear results, and lists the figure numbers of the elec- 
tron micrographs for each test. 

The wear in micrograms of the rider was deter- 
mined from the volume lost during wear multiplied 
by the density. Volume of metal lost was calculated 
from the measured diameter of the wear impression 
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Fig 3. Wear surface. Rotor, 1 microinch; rider, 3 micro- 
inches. Mineral oil lubricant. (10,000 X) 
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and the known radius of the specimen. 

It appears that the rotor finish has a greater in- 
fluence on the wear rate than the rider finish. This 
may well be due to the fact that a larger area of the 
rotor is involved in the wearing process. The effect 
is even more marked with a soft rider and hardened 
rotor.® 

For Test No. 1, the rotor was carefully finished 
to a smoothness of less than 1 microinch, while the 
rider had the 1.5-3 microinch surface finish. Fig. 3 
is an electron micrograph at 10,000 X in the wear 
area on the stationary cylinder produced by the rub- 
bing of the rotor. The worn surface is extremely 
smooth with minute parallel scratches, excepting for 
the very few raised areas illustrated which suggest 
localized welding and metal transfer from the rotor 
to the rider. 

The wear particles deposited at the trailing edge 
of the wear area may be seen in Fig. 4. Although 
some larger particle agglomerates are visible, the 
wear particles are surprisingly small. 

Fig. 5 shows the wear area surface in Test No. 
2. Both metal parts had the 1.5-3 microinch surface 
finish. The worn surface contains small parallel 
scratches which are slightly larger than with the 
smoother rotor of the previous test. Slightly more 
evidence of welding is also visible in the raised areas 
of the wear scar. 

The wear particles produced during this test 
may be seen in Fig. 6, magnified 25,000 times. The 
wear of this specimen was greater and the amount 
of particles produced was more voluminous than in 
Test No. 1. However, although there is consider- 
able agglomeration, these particles are also extreme- 
ly small, 5-10 millimicrons in size. 

Micrographs are not included for Test No. 3, 
since the results were intermediate between those 
of Tests No.2 and No. 4. The wear surface showed 
evidence of slightly greater areas of metal transfer 
and sizes of wear particles were slightly larger than 
in Test No. 2. The weight loss, shown in Table I, 


indicates the intermediate wear character of this test. 


RS 


Fig. 4. Wear particles. Rotor, 1 microinch; rider, 3 micro- 
inches. Mineral oil lubricant. (20,000 X) 
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Fig. 5. Wear surface. Rider and rotor, 3 microinch finish. 
Mineral oil lubricant. (10,000 X) 


The next test illustrated, No. 4, used a rotor 
with a 3 microinch superfinished surface running 
against a 20 microinch ground surface on the rider. 
Although much of the worn surface is relatively 
smooth and blank, according to an examination of 
representative micrographs from this test, some 
areas (Fig. 7) contain large scratches and more se- 
vere welding than in the previous tests. The surface 
within this wear impression is still much smoother 
than the original ground finish, which would appear 
tremendously rough at a magnification of 10,000 X, 
(Fig. 8). 

The wear particles are also much larger, ac- 
cording to Fig. 9, than with the previous tests. A 
suggestion of the widely spaced irregularities char- 
acteristic of the original ground surface may be seen 
in the background of Fig. 9. 

In Test No. 5 the surface finishes of the rotor 
and rider were reversed, with a 3 microinch surface 
on the rider and a 20 microinch ground rotor. Fig. 
10 indicates severe galling or welding of the contact 





Fig. 6. Wear particles. Rider and rotor, 3 microinch fin- 
ish. Mineral oil lubricant. (25,000 X) 
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Fig. 7. Wear surface. Rotor, 3 microinch; rider, 20 micro- 
inch finish. Mineral oil lubricant. (10,000 X) 


surface over some portions of the contact area. 
Other areas on this specimen contained moderately 
deep parallel scratches, though the surface is con- 
siderably smoother than the original ground rotor. 
Fig. 11 shows a few typical wear particles from this 
test. These are several orders of magnitude larger 
than the particles resulting from wear of the smooth- 
er surfaces. Reference to Table I indicates that the 
greater surface damage and larger wear particles 
are also associated with greater weight loss. 

In the above series of tests, mineral oil was the 
lubricant and all conditions, other than surface 
roughness, were constant. The significant conclu- 
sions from these electron micrographs and wear re- 
sults are that wear particle size, wear surface 
smoothness, and wear rate all decrease as the initial 
surface finish of the test specimens is made smooth- 
er. Moreover, electron micrographs indicate that 
surface changes suggesting seizing and galling also 
decrease as the initial surface becomes smoother. 
The smoothness of the wear area in the stationary 


member is most closely related to the finish of the 
rotor, and tends to be smoother than the original 
surfaces. Although it has long been suspected that 
wear particle sizes decrease with decreasing wear 
rates, this work is believed to be the first explicit 
experimental proof of this hypothesis. It is under- 
standable that if the wear particles are produced by 
rupturing welded areas, the smoother the surfaces 
the smaller the welded areas and the resulting wear 
particles. Similarly, wear particles produced by. 
abrasion will be smaller as the raised areas due to 
metal transfer are reduced in size and number by 
the smoother surfaces. 

A recent paper by Rabinowicz‘ has given wear 
particle sizes an order of magnitude greater than 
those shown here. We believe that the method used 
by Rabinowicz was incapable of resolving the ex- 
tremely small particles since they are almost at the 
lower limit of resolution of the electron microscope. 


Comparison of Different Lubricants. Another series 
of experiments was made to study the effect of type 
of lubricant on wear. Surface finish of the speci- 
mens (3 microinches) and test conditions, other than 
lubricant, were kept the same as those described 
previously. 

Lubrication of the cylinders with white min- 
eral oil resulted in the friction wear surface shown 
in Fig. 5. As noted in this and several other dupli- 
cate tests, small scratches are present, along with 
slightly rough areas of the surface, which might be 
interpreted as metal-to-metal welding and metal 
transfer on a very minute scale. With ethyl pal- 
mitate as the lubricant, on the other hand, a number 
of large scratches are seen in the wear area, but the 
surface between the scratches is smooth, even at a 
magnification of 10,000 X, as shown in Fig. 12. 

A similar contrast was noted with the wear par- 
ticles. When white mineral oil was the lubricant, 
the metal particles produced by frictional wear were 
extremely small, 5-20 millimicrons, barely resolv- 
able at a magnification of 25,000 X (see Fig. 6). 





Fig. 8. Original ground surface, 20 microinch roughness. 
(10,000 X) 
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Fig. 9. Wear particles. Rotor, 3 microinch; rider, 20 micro- 
inch finish. Mineral oil lubricant. (10,000 X) 
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This result was duplicated numerous times. How- 
ever, lubrication of the cylinders with ethyl palmi- 
tate yielded metal wear particles several orders of 
magnitude larger. Examination of these particles 
at very much lower magnification, Fig. 13 at 2000 X, 
indicates that most of them are large and elongated, 
with a major dimension of about one micron. 

With all specimens having the same 3 micro- 
inch finish, the wear with the ethyl palmitate lubri- 
cant was approximately one-half that observed with 
mineral oil lubricant. 

Results somewhat similar to those obtained 
with ethyl palmitate resulted from lubrication with 
mineral oil containing 5% sperm oil. Observations 
with the electron microscope revealed wear particles 
with an average diameter or 75 millimicrons, appre- 
ciably larger than those produced with straight min- 
eral oil. 

These results indicate surprisingly different 
wear characteristics, depending on the lubricant. 
Additional studies should be made to establish the 
basic causes of these differences. It has been gen- 
erally stated that straight mineral oil functions as 
a lubricant only as long as a hydrodynamic film of 
hydrocarbon is maintained between moving metal 
surfaces, although evidence has been presented indi- 
cating that mineral oils may form solid films in high 
pressure bearings.® Under the very high unit loads 
characteristic of this test, almost continuous rup- 
ture of the film apparently occurs, with metal-to- 
metal contact and galling. This may account for 
the general microscopic roughness of the wear area. 
Welding occurs continuously on a minute scale and 
produces minute wear particles. 

Ethyl palmitate on the other hand, according 
to other studies on this subject,” > is a boundary lu- 
bricant. Esters are capable of hydrolyzing slightly, 
and the fatty acid formed can react with active met- 
als to form a soap which functions as a boundary lu- 
bricant at temperatures up to its melting point. The 
few large scratches and wear particles observed with 
this lubricant may be the result of occasional film 





Fig. 10. Wear surface. Rotor, 20 microinch; rider, 3 micro- 
inch finish. Mineral oil lubricant. (10,000 X) 
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Fig. 11. Wear particles. Rotor, 20 microinch; rider, 3 
microinch finish. Mineral oil lubricant. (10,000 X) 


failure, where localized heating has exceeded the 
melting point of the soap. 

Little evidence is visible of metal seizing or 
welding with ethyl palmitate lubricant, although 
with the electron microscope replica technique very 
large, rough welds might be missed. 

The appearance of the worn surfaces sug- 
gest that during lubrication with mineral oil under 
boundary conditions, metal transfer from the mov- 
ing member to the stationary member occurs (note 
that weld areas stand out in relief above the sur- 
faces shown). Where metal transfer is extensive, 
and is increased by a greater roughness of the mov- 
ing member, the wear increases. The mechanism of 
wear under these conditions, therefore, may include 
extensive, minute abrasion of the mating metal sur- 
face by the welded areas. This is apparently not 
the case with boundary lubricants; there are few 
galled areas indicative of metal transfer. Apparent- 
ly, wear is caused by infrequent breakthrough of 
the boundary film, with little abrasive wear due to 
raised areas of transferred metal occurring. There 
is definite evidence of deep scratches due to plowing 
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Fig. 12. Wear surface. Rider and rotor, 3 microinch finish. 
Ethyl palmitate lubricant. (10,000 X) 
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Fig. 13. Wear particles. Rider and rotor, 3 microinch finish. 
Ethyl palmitate lubricant. (2,000 X) 


of the wear area by the larger particles formed in 
this case. 


No Lubricant. To study the effect of metal-to-metal 
wear, two tests were run with no lubricant. In these 
tests the speed wds maintained at 8.63 feet per min- 
ute, but the load was reduced to 1200 grams and 
the duration of running to ten minutes. The initial 
surface finishes and weight losses are indicated in 
Table III. 

The appearance of the friction contact area from 
the first test is shown in Fig. 14, while the large 
wear particles produced may be observed in Fig. 15. 

The surfaces from the second test were so rough 
that it was impossible to strip off replicas for elec- 
tron microscopy. The metal removed from the 
rider on both tests was over forty micrograms in 
spite of the short duration of test, and both wear 
particle sizes and resulting surface roughnesses were 
high. 


Cast Iron Specimens. An additional test was made 
under mineral oil lubricated conditions using cast 
iron with a 3 microinch finish rather than carburized 
steel for the specimen cylinders. In electron micro- 
graphs of the wear area on the cast iron, some sug- 
gestion of welding is visible, and lamellar areas 
where graphite flakes intersect the metal surface 
can be seen. It may be readily understood how 
fragments of graphite, removed as the metal surface 
is worn, might improve lubrication of the contact 
area. The wear debris contained thin plates of 
graphite, and metal particles with a range of sizes. 


SUMMARY. Studies of wear specimens with the 
electron microscope show that: 

(1) With mineral oil lubricant, wear particle 
size, wear rate, and damage of the metal contact sur- 
faces all decrease as the initial surface of the speci- 
mens is made smoother. 

(2) The surface produced by frictional wear is 
generally smoother than the original surface (ex- 
cepting where the rotor was initially much rough- 
er). This characteristic is undoubtedly important 
in the break-in of moving parts, since during this 
process wear is known to progressively decrease. 

(3) Wear with purified mineral oil produces ex- 
tremely minute wear particles, possibly by exten- 
sive and continuous microscopic welding of the slid- 
ing surfaces, due to rupture of the hydrodynamic 
film under the high unit loads. 

(4) In contrast, ethyl palmitate or a 5% addi- 
tion of sperm oil to mineral oil provides boundary 
lubrication, larger and fewer wear particles, little 
welding, and a smooth surface, except for numerous 
deep scratches. 

(5) The wear of unlubricated parts is charac- 
terized by severe scoring and welding, and produces 
large metal wear particles. 

(6) The observed effects are quite compatible 
with the present theories of lubrication and wear in- 
volving the formation and rupture of minute welded 
areas by breakthrough of the lubricant film. Elec- 





Fig. 14. Wear surface. Rotor, 1 microinch; rider, 3 micro- 
inch finish. No lubricant. (10,000 X) 
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Fig. 15. \WWear particles. Rotor, 1 microinch; rider, 3 micro- 
inch finish. No lubricant. (10.000 X) 
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Table I. Steel specimens lubricated with mineral oil. Con- 
ditions; load: 2100 grams; surface speed: 8.63 ft./min.; lu- 
bricant: white mineral oil. 











Wear 
| Rotor | Rider | Wear, Wear Par- | Particle 
Test | Finish, Finish, | Micro- | Surface, | ticles, Size 
No. | prin. | prin. | grams Fig. No. |Fig No. mn 
nk ERE Wee _ T _ — 4p aaa | 
1 2 | 3 | Wadetect-| 3 | 4 10 
able | | 
2 3 3 08 | 5 | 6 9 
. er 4 2a] 23 | - | - . 
| 4 3 | 20} 66 | 7 | 9 65 
| 5 20} 3} 5 | 10 | 440 
= 1 | i 











Table II. Steel specimens with different lubricants. Load: 
2100 grams; surface speed: 8.63 ft./min.; specimen surface 
finish: 3 microinch. 











— ; = 
Test Wear Surface! Wear Particles,| Particle 
‘ : : : lees | 
No. be ew 6} ina Fig. No. | Size, * | 

j j 
2 | Mineral oil 5 6 | 9 | 
| 6 | Ethyl palmitate 12 13 | 600 
7 Mineral oil, - - | 75 | 
5% sperm oil H | 





Table III. Wear—Unlubricated Specimens. 























Rotor Finish, Rider Finish, Wear, Particle 
Microinches Microinches Micrograms Size, ma 
1 3 41.2 20-3000 
20 3 44.0 - 








tron micrographs present direct evidence of metal 
transfer during wear, and suggest that the minute 
wear particles formed in the case of mineral oil lu- 





brication may be due in large part to abrasive wear. 

(7) The ability of the electron microscope to 
observe directly very minute changes in surface, 
wear particle size, and shape, makes this a useful 
tool for investigating wear under conditions such 
as boundary lubrication where the effects are not 
easily observable by other techniques. 
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COMMENTARY by A. Dobry (Westinghouse Research 
Laboratories). This paper does a great deal to clear up 
some hitherto obscure points in wear phenomena. The 
authors’ results seem to fit a very simple picture of the 
Wear process remarkably well. 

If the geometrical shape of the surface remains fixed, 
any change in the valley to peak height (surface finish) will 
be directly proportional to the change in the diameter of 
the asperities. The size of the wear particles torn from the 
asperities should be proportional to the size of the asperi- 
ties. Therefore, the diameter of wear particles should be 
directly proportional to the surface finish. The results pre- 
sented here seem to fit this picture. 

Furthermore, since the actual contact area will be con- 
stant for a fixed load, the total number of contacts times the 
square of the average contact diameter will be constant. The 
total amount of material removed will be proportional to the 
number of contacts times the cube of the average contact 
diameter. Therefore, other things being equal, the amount 
of wear will be directly proportional to the wear particle 
size and, consequently, directly proportional to the surface 
finish. If one plots the authors’ values for wear against the 
wear particle size using mineral oil lubrication, one gets a 
fairly straight line. 

Of course, as wear proceeds, the surface roughness de- 
creases. These results would seem to imply that the aver- 
age surface finish during the wear process is directly propor- 
tional to the original surface finish. 

The results with mineral oil seem to be quite different 
from those with other lubricants, although they may also 
correspond with the results in the case of unlubricated wear. 
It would be interesting to see if these relations between sur- 
face finish, wear, and wear particle size also hold for other 
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types of lubricants with different constants of proportional- 
ity for different lubricants. 


COMMENTARY by M. C. Shaw (Massachusetts Institute 
of Technology). The authors have clearly demonstrated in 
this paper the ability of the electron microscope to reveal 
the fine detail of surface damage that arises when metals 
are slid together under heavy load. It was found that the 
roughness of the wear scar increased as the lubricant be- 
came less effective, or as the initial finish became poorer. 
The amount of wear was also found to decrease as the 
lubricant became more effective. These results are to be 
expected from the generally accepted view of wear involv- 
ing the formation and rupture of surface junctions. 

An unexpected result was the observation that the wear 
particle size was greater with a good boundary lubricant 
than with pure mineral oil. The authors suggest that this 
might be explained if the wear with mineral oil were largely 
abrasive in nature, while that with the good boundary lubri- 
cant (ethyl palmitate) were due to a plucking action. It 
would appear however that just the reverse should be ex- 
pected. That is. we should expect more plucking wear in 
the case of mineral oil due to the greater degree of clean 
metallic contact, but more abrasive wear with the boundary 
lubricant due to the large wear particles observed. 

There is an alternative interpretation of the authors’ re- 
sults that appears to be in agreement with al! observations. 
When steel is lapped with very fine loose abrasive particles 
(A1.03), the abrasive particle size is found to grow if 
the conditions of temperature and pressure are too severe. 
Particles from 10 to 100 times the size of those introduced 
initially are found, and these result in large unwanted 
scratches. When the large particles are carefully examined 
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they are found to be sintered masses, black iron oxide con- 
stituting the continuous phase. The large particles are 
magnetic, since black iron oxide is magnetic. 

It would appear that in the present case the wear par- 
ticles as produced with the boundary lubricant are actually 
much smaller than those produced using mineral oil. Hence, 
the much smoother wear surface obtained with the boundary 
lubricant. The smaller wear particles should be expected to 
reach much higher temperatures upon being generated and 
upon being oxidized. These higher temperatures should re- 
sult in a thicker oxidized layer that could serve as a sinter- 
ing medium to produce large particles, as in the case of the 
aluminum oxide abrasive. The large scratches observed in 
the wear scar with the boundary lubricant would, of course, 
result from the abrasive action of the large wear particles as 
the authors suggest. 

The question that naturally arises in connection with 
the above picture is why the boundary lubricant that is so 
effective in preventing wear is not equally effective in pre- 
venting wear particles from getting close enough together 
to sinter. The answer to this might lie in the fact that a 
material such as iron palmitate (the real boundary lubricant 
formed in situ on the surface) is only effective as a boundary 
lubricant to its melting point. When used as a boundary 
lubricant it becomes chemadsorbed on the iron surfaces at 
relatively low temperature. It will be effective as long as 
the mean surface temperature is below its melting point. 
When two high points tend to come together considerable 
heat is developed; but since time is required for melting, 
contact may be prevented by the metal salt even though non- 
equilibrium temperature far above the melting point may 
obtain instantaneously. However, should a particle be dis- 
lodged, it will be at very high temperature for appreciable 
time compared with the relaxation time associated with 
melting, and thus the molten or decomposed boundary film 
will be quite helpless to prevent welding. In fact, the 
oxidation product resulting from the action of such high 
temperatures upon the boundary lubricant might actually 
function to promote welding or sintering. According to this 
view, the basic difference between the boundary lubricant 
and mineral oil would lie in the initial size of the particles 
generated. Those produced in mineral oil would be of such 
a size and temperature that they would not sinter, while 
those produced with the boundary lubricant would be small- 
er, reach higher temperatures, and hence sinter. 

The final word on whether large or small wear particles 
are produced with a good boundary lubricant, must await 
further investigation in which a greater surface area is 
scanned for evidence of large wear pits. The authors did 
not find any such pits, but suggest that this may have been 
due to the small field of view obtained at the high powers at 
which they worked. If large pits were to be found, this 
poses another very interesting question, namely, why a 
good boundary lubricant should cause the metal to be 
plucked out in larger pieces. About the only way this could 
be explained, if it were to be found, is in terms of what Reh- 
binder calls “hardness reduction.” This idea, that has 
been widely studied in Russia but not substantiated in the 
Western World, holds that materials are weakened in the 
presence of adsorbable substances which are thought to 
promote crack growth. If such an action would occur, it 
could conceivably cause the cracks associated with wear par- 
ticle formation to run greater distances and, hence, form 
larger particles in the presence of a boundary lubricant. 
However, this is not thought to be the case, and it would 
appear more probable that the large particles result from a 





sintering action rather than being born that way. 


AUTHORS’ CLOSURE. The quantitative interpretation 
of the data by Dr. Dobry appears to be sound, and forms an 
attractive working hypothesis for further studies. The 
authors, however, prefer to hold in abeyance any quantita- 
tive conclusions until more evidence is available covering a 
wider range of metals and lubricants. This work shows 
that the systematic application of the electron microscope to 
wear studies is capable of providing a basis for greatly 
enhanced understanding of the wear process. 

The theory presented by Dr. Shaw to explain the ap- 
parent formation of larger wear particles with ethyl palmi- 
tate is very interesting. Its validity, however, can be proved 
only with considerably more results than are presented here. 
The authors suggest that the small sized but voluminous 
wear particles produced during mineral oil lubrication are 
due to both metal removal by seizing and abrasive wear. 
Abrasive wear includes the action of loose particles as well 
as plowing by the rough galled surface as shown in Figs. 
3, 5, 7 and 10. These raised areas are undoubtedly pro- 
duced by plucking or metal transfer from the rotor to the 
rider surface. Unfortunately, the rotor surfaces were not 
examined in the electron microscope, so no direct evidence 
is available concerning the presence of wear pits on the 
mating surfaces. The absence (or reduced amount) of such 
raised areas, in the case of ethyl palmitate lubricant, indicates 
that much less metal transfer or welding occurred. This is 
understandable because a boundary lubricant film has anti- 
welding properties. The wear, in the case of the boundary 
lubricant, was assumed, therefore, to be due primarily to 
plowing by a few large particles, with little wear due to 
raised areas. This theory explains the greater amount of 
wear particles and the higher wear rate in the case of mineral 
oil lubrication; it does not explain why large particles 
should form with a boundary lubricant and only small par- 
ticles with mineral oil. 

Dr. Shaw’s suggestion that the wear particles can grow 
or sinter during the process of wear has certain deficiencies. 
In the first place, the only source of energy is that due to 
friction and, since the friction with both lubricants is ap- 
proximately the same, it would be expected that sintering 
would occur to an even greater extent with the mineral oil 
lubricant. In addition, the presence of the chemically 
formed palmitate film should interfere with sintering to a 
greater extent than the oil film. Desorption or removal of 
the lubricant film by heat and pressure must occur before 
metal-to-metal contact is established between particles. 

The hypothesis that the authors wish to advance takes 
into account the greater polishing action of the ethyl palmi- 
tate lubricant, which produces smoother surfaces than the 
mineral oil lubricant. Very smooth surfaces for the for- 
mer lubricant were observed in the electron micrographs. 
Since the same loads were involved in experiments with 
both lubricants, the load supporting area must also be the 
same. These areas, in the case of the smooth, polished sur- 
faces produced by palmitate, should be fewer in number but 
larger in area than with the rougher mineral oil lubricated 
surfaces. Therefore, whenever the palmitate film is broken 
through and welding occurs, the welded areas should be 
much larger. The resulting wear particles should be sev- 
eral times larger than the particles resulting from the more 
numerous but smaller welded areas obtained with mineral 
oil. Further work in this field is definitely needed to cast 
more light on this and other questions raised by the present 
study. 
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Power Loss 
In Elliptical & 3-Lobe Bearings 


by O. Pinkus* 


The power losses for elliptical and three-lobe bearings, both 
symmetrical and asymmetrical, were derived as functions of 
the customary bearing parameters and bearing ellipticity. 
Expressions are given for two cases; one assuming a com- 
plete oil film, and one taking into account the incomplete- 
ness of the oil film in the diverging sections of the bearing. 
All equations are for a concentric shaft position, this being 
a plausible assumption as noncylindrical bearings are most- 
ly used in low load, high-speed applications. For con- 
venience the power losses for the noncylindrical bearings 
are plotted in comparison with those for cylindrical bearings 
of clearance c as given by Petroff’s equation. Excellent 
agreement was found between the theoretical power losses 
and experimental results in bearings. 


Nomenclature 
D diameter of bearing, in 
H power loss, horsepower 


H, = power loss in cylindrical bearings, hp 


i. length of bearing, in 
N speed, rpm 
R = radius of inscribed circle, in 
U = linear velocity in/min 
F, = power loss in cylindrical bearings, in- 
lbs/min 
F = _ power loss, in-lb/min 
Z == oil viscosity, lb-min/in? 
L; = width of oil film, in 
R, = radius of lobe, in 
c = (R:—r),in 
e = shaft eccentricity, in 
h = oil film thickness, in 
j = power loss factor due to ellipticity and in- 
complete oil film, dimensionless 
jo = power loss factor from the incomplete oil 
film portion of one lobe, dimensionless 
k = power loss factor due to ellipticity, dimen- 
sionless 
m = ¢,/c, ellipticity ratio 
ry = radius of shaft, in 
€) = ellipticity of bearings, (/; — RX), in 
p = oil viscosity, centipoises 
62 — angle at point of minimum film thickness, 


radians 
Present day technology is, among other things, 


*General Electric Co., Thomson Laboratory, Bearing & Lu- 
bricant Div., 920 Western Ave., West Lynn 3, Mass. 


(This paper was contributed by the Research Committee 
on Lubrication under the auspices of the Lubrication Ac- 
tivity of ASME, and presented at the Ist Annual ASME- 
ASLE Lubrication Conference, Baltimore, Md., October 
18-20, 1954.) 
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characterized by the advent of high-speed machin- 
ery. Hydrodynamic bearings called upon to oper- 
ate under these conditions are confronted with some 
new problems, among which instability, known as 
oil whip, is one of the most prevalent and the most 
troublesome. Also power losses and, subsequently, 
bearing temperatures become excessive at high 
speeds, and new designs are required to cope with 
these difficulties. The existing high-speed bear- 
ings are characterized by their non-circular bores,‘ 
among which the elliptical and the 3-lobe bearings 
are the most popular. 

In practice, the elliptical bearing is made up of 
two cylindrical halves brought together so that their 
centers are displaced several mils from the bearing 
center. This kind of bearing is manufactured con- 
veniently by placing shims at the horizontal split 
and machining a circular bore. The shims are later 
removed, and the two halves brought together to 
produce the elliptical bearing, as shown in Fig. 1. 
The 3-lobe bearing comes in two variations: sym- 
metrical and asymmetrical. The symmetrical 3-lobe 
bearing is made up of three 120° arcs, their centers 
displaced several mils from the bearing center. The 
asymmetrical 3-lobe bearing is commonly made up 
of a 180° portion on the bottom and two 90° sec- 
tions on top. The geometry of both of these bear- 
ings is shown in Fig. 2. 

In all these designs, convergent clearance re- 
gions exist even at a concentric shaft position, and 
their convergence increases with an increase in shaft 
eccentricity. This convergence creates high pres- 
sure regions which, in effect, put an additional load 
on the bearing—a factor known to enhance shaft 
stability. The extra clearance space, as compared 
with a circular bearing having a diameter equal to 
the inscribed circle, in- 
creases the oil flow, and 
also often reduces the 
power losses, resulting 
in lower temperature 
rises. For these rea- 
sons the elliptical and 
3-lobe bearings are 
widely used in indus- 
try. 


cad 


Unfortunately, 
studies of the various 
non-circular bearings 
have not kept pace with 
their popularity. This O. Pinkus 
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paper deals with power losses in these types of 
bearings. It provides expressions for power 
losses as a function of the customary bearing 
parameters, as well as a newly defined variable, el- 
lipticity. The analysis is carried out both assuming 
a full oil film as well as with an allowance for the in- 
complete oil film which surely exists in the diverg- 
ing portions of the bearing. The method of includ- 
ing the effect of an incomplete oil film is that pre- 
viously used by Rosenblatt and Wilcock? in their 
analysis of cylindrical bearings. The expressions 
are derived for a concentric shaft position, and thus 
they may be considered as equivalent to those given 
by Petroff for cylindrical bearings.’ 


ANALYSIS. Petroff’s equation as obtained from 
the basic relationship 


F = (Shear Stress X Area) X (Linear Velocity) 


U 2nrZU?RL 
= (25> XL xX 2k) xX U=—,_— (1) 
can be written in differential form 
ZU*RLd@ 
ii ieies: gana (2) 


For a cylindrical bearing, / is constant, and Eq. 1 
gives the power loss. For non-cylindrical bearings the 
clearance is not constant, and an appropriate expression 
for h as a function of @ must be used. Following is the 
derivation of power loss expressions for three types of 
non-cylindrical bearings: elliptical, 3-lobe symmetrical, 
and 3-lobe asymmetrical. Like Petroff’s equation, they 
are all based on a concentric shaft position. 


FULL OIL FILM. The derivation of the expres- 
sions for power loss in this section assumes the 
existence of a complete oil film all around the bear- 
ing. This should yield power losses higher than 
those encountered in actual cases. 


Elliptical Bearings. In Fig. 1 the diameter of the 
inscribed circle of the elliptical bearing is 2, while the 
radius of curvature of both arcs is R + ¢o, e, being here 





Fig. 1. Elliptical bearing. 
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called the ellipticity of the bearing. When a shaft runs 
eccentrically in a cylindrical bearing, the thickness of 
the oil film at any point is given by 


h = c+ e cos @6 (3) 


From an observation of Fig. 3 it is apparent that a 
shaft running concentrically in an elliptical bearing cre- 
ates a situation similar to Fig. 3 with eo, the ellipticity, 
taking the place of e¢, the eccentricity. This applies to 
both halves of the bearing. Thus, the oil film thickness 
in each half of an elliptical bearing can be expressed as 


h = c+, cos@ (4) 


with 6 going from 2/2 to 3/2. 

For a cylindrical bearing Eq. 1 gives the power 
loss. For an elliptical bearing where /; = c + e, cos 6, 
we have 


ZU?RLd@ 
af = c + e, cos 6 (5) 
Tv 
F ZU?RLd@ 
= Cc + e, COS 6 (6) 
w/2 


where the integral is evaluated for one quarter of 
the bearing. This integrates (3) to 





a) SYMMETRICAL 3-LOBE BEARING 








b) ASYMMETRICAL 3-LOBE BEARING 
Fig. 2. Three-lobe bearing. 





Tv 








4ZU?RL a eas 
Poss ———— ele vo Ss (7) 
Ve — ef ccosa+e, | 
ie /2 
Evaluating the limits, we obtain 
4ZU?RL 2 
PP =x —— | w = SRR Te = SS (8) 
Ve — e,? i €. 
Rearranging the values 
4ZU>RL a 
F = ————_f = — arctan V1 — ™ (9) 
cy/il — m* m 
When e, = 0, which means that the bearing is 


cylindrical, the value of arctan oo is 7/2, and Eq. 9 re- 
duces to (1), Petroff’s equation for a cylindrical bear- 
ing. When e, = c the shaft is rubbing against the bear- 
ing surface, and Eq. 9 gives an infmite power loss. 
In practical terms of horsepower, Eq. 9 can be 
written as 
ye we TEXT (, es 
™ 
(10) 


Symmetrical 3-Lobe Bearings. From an observa- 
tion of Fig. 2, it is apparent that as far as each indi- 
vidual lobe is concerned, a shaft running concentrically 
in a 3-lobe bearing creates a situation similar to a shaft 
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CONCENTRIC POSITION OF SHAFT 
IN ELLIPTICAL BEARING 


ce 


Ls. 




















ECCENTRIC POSITION OF SHAFT 
IN CYLINDRICAL BEARING 


Fig. 3. Relation between cylindrical and elliptical bearings. 
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running eccentrically in a cylindrical bearing. In the 
3-lobe bearing ¢é,, the ellipticity, takes the place of e, the 
eccentricity. The oil film thickness for each lobe can be 
expressed as 


h = c+ @, COs 6 


with @ going from 27/3 to 44/3 as shown in Fig. 4. We 
have then 


22U-RL 
Feet 372m (11) 


2r/3 





where the integration is performed over one half 
of one lobe which is the symmetrical element of the 
bearing. 

The integral of Eq. 11 evaluated between the lim- 
its of w and 22/3 yields 








TRICAL 3-LOBE BEARING 
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8. 90° LOBE OF ASYMMETRICAL 3-LOBE BEARING 


Fig. 4. Elements of three-lobe bearings. 
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Fig. 5. Incomplete oil film. 
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2RL ion See) 
F= a 7 — arctan V3/2 VC — @0° 
wo ee e, —1/2c 


Dividing out by c and rearranging, the final form is ob- 
tained 





4ZU*RL Tr ro a 
F= ee EE ..# x — arctan V3(1 — m’*) 
ecV1l — m 2 2m —1 
(12) 


When e, = 0, the value of Eq. 12 reduces to 








F = 4ZU"RL _ 3 | 7 — arctan (— \/3) | 
c 2 
4ZU°RL 3 T 2nZU*RL 
na c 2 i c 


which is Petroff’s equation for cylindrical bearings. 
When e, = c, Eq. 12 gives an infinite power loss. 

In practical terms of horsepower, Eq. 12 can be 
written as 


1.8 » N°D*L 10-48 BE 
H = £ ss (- — arctan ao rq 





evV/1 saa genes | 
(13) 


For any given operating conditions and ellipticity 
ratio e,/c, the expected power loss in 3-lobe symmetrical 
bearings can be computed from Eq. 13. 


Asymmetrical 3-Lobe Bearing. An asymmetrical 
3-lobe bearing consists of an elliptical lower half 
and of two 90° lobes for the upper half, as shown in 
Fig. 2. The power losses in the lower half can be 
obtained by using the formula for elliptical bear- 
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Fig. 6. Ratio of power losses of noncylindrical to cylindri- 
cal bearings with complete oil film. 
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ings. The analysis of the upper half follows the 
same pattern as for symmetrical 3-lobe bearings 
with the exception of the limits of integration. In 
Fig. 4 the 90° lobe is seen to be contained between 
the limits of 34/4 and 52/4. Writing Eq. 11 only 
for the upper half we obtain 


5/4 
x m ZU°RL , 
roar c + e, cos @ ° 


3n/4 
or since z is a line of symmetry 


Tv 
2ZU?RL 
aati ( Fes ” —_ 
3/4 


Evaluated between these limits, the power losses in 
the upper half are then given by 


4ZU°>RL ( 
F= aaa ERNEST SES 7 — arctan 


VE = ne 
cv/l — 


V2m — 1 

(15) 
For e,/c = 0 this equation reduces to half the value of 
Petroff’s equation for cylindrical bearings. In terms 
of practical units, Eq. 15 becomes 


12,N°DL Xx 10-" _ 
ie —*—_— a ¢ — aretan V2 © 
Cr\/l — m* Vim — 1 

(16) 


INCOMPLETE OIL FILM. As pointed out pre- 


viously, the dimension /: in non-cylindrical bearings is 
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Fig. 7. Ratio of power losses of noncylindrical to cylindri- 
cal bearings with incomplete oil film. 


113 








a variable even for a concentric shaft position. Most 
of these bearings are built with oil inlet slots at the ends 
of the lobes, and a full oil film exists in the clearance 
space only where it decreases in the direction of rota- 
tion since there is not enough oil to fill in the ever-in- 
creasing clearance space. Above the point of minimum 
film thickness the oil film is incomplete throughout 
the divergent region. The oil film can be considered 
to break up into streamlets,” air and foam replacing the 
oil in the exposed regions. Presumably no more side 
leakage occurs, and to satisfy the requirements of con- 
tinuity the volume of oil must remain constant or 

L,; - h = constant (17) 
from approximately the point of minimum film thick- 
ness to the next oil inlet slot. In Eq. 17, L; is the com- 
bined width of the oil streamlets, and is given by the 
shaded area of Fig. 5. 

In section I of Fig. 5 a complete oil film exists, 
and the power losses are given by the formulae de- 
rived in the previous section. In part II we have 


i+ het Bian (18) 


Defining j as the ratio of power loss with incomplete- 
ness of the oil film taken into account to that obtained 
from Petroff’s expression, we have 


2 





| ZU?RL de 








h 
H — 0 

1="H. ~ '2,20°RL 

ao 
2x 
=. a c 
ae L hn 4% (19) 
0 
From Eq. 18 
Rain c(1 — m) 
eas : 


Using this in Eq. 19 and defining j, as the power loss 
ratio over that portion of a lobe where the oil film is in- 





complete 
62 
_ 1 Le — m)c 
— 2a Liz 2@2= 9 
© 
62 
i—_ mm dg 
_ 2r (1 + m cos @)? (20) 
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Using the substitution 
cos 6 + m 
= ) 


c ~ ——— 
ee ( 1 + m™ cos @ 
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Eq. 20 integrates into 































































ee (l1—m) _ j : cos 9 + m 
Jo = Om(1 — m2)*® | oe “1+ m cos 6 
| Os 
cos @ + m ( 
— sinarcos { 7 + m cos f (21) 
us 
For elliptical bearings 62 = 37/2, and Eq. 21 be- 
comes 
COMPARISON OF THEORETICAL 
AND 
40}— EXPERIMENTAL POWER LOSSES ————-—— / —— 
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Fig. 8. Power losses in elliptical bearings. 
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Power losses in symmetrical three-lobe bearings. 
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j li in arcos m ) 
jo = a — my)" (arcos m m si —T 
(22) 
For symmetrical 3-lobe bearings 62 = (5/4), and 
eq. 21 becomes 
: i = Mm} 
i = ~~ on(1 — m?)2? 
9 7 
( arcos 2m —1 _ » sin arcos “” Ra T ) 
2—m Z2—m 
(23) 
For asymmetrical 3-lobe bearings #2 = 5/47, and 
Eq. 21 becomes 
= 
Jo = “Qn (1 — m*)3# 
V2m —1 : V/2m — 1 
arcos - : — msin arcos —————_ ~— 7 
2—m™ V2— m 
(24) 


To obtain the power losses in the portion of the 
bearing where the oil film is incomplete, Eq. 22 has to 
be multiplied by 2; Eq. 23 by 3; and for the asymmetri- 
cal 3-lobe bearing Eq. 24 has to be multiplied by 2 and 
added to Eq. 22. For the half where the oil film is com- 
plete, the losses are given by one-half of Eqs. 9, 12, 
and 15. 

In Table I and Fig. 6 the power losses in elliptical 
and 3-lobe bearings, assuming a complete oil film, are 
presented as a function of the ellipticity ratio m. The 
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Fig. 10. Power losses in asymmetrical three-lobe bearings. 
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Table I. Power loss ratio k with complete oil film. 














Type of Bearing 
Ellipticity Ratio Elliptical Symm. 3-lobe | Symm. 4-lobe 
0.2 3535 1.20 1.23 
0.4 1.38 1.51 1.58 
0.6 Late 2.04 2.24 
| 0.8 2.65 3.34 3.82 

















Table II. Power loss ratio / with incomplete oil film. 





| Ellipticity Ratio 














Type of Bearing 
| m Elliptical Symm. 3-lobe | Symm. 4-lobe 
bee ! 
| 1.11 1.18 |” 33 
| 0.4 | 1.28 1.45 | 1.54 
| 0.6 | 1.55 1.88 2.11 | 
| 0.8 | 2.19 2.90 | 3.42 





Table III. Comparison of calculated and experimental pow- 
er losses. Key: (a) Equations 10, 13, 16; (b) Equations 22, 
23, 24. 











[ Viscosity Power Losses, h 

| at Outlet Calculated | Calculated 
Speed, Oil Temp. Complete Incomplete 

| RPM cps Tests | Oil Film? | Oil Film 





Elliptical Bearing, D = 8", L = 4", c = 0.012", m = 1/2 

















1000 23.0 1.5 1.2 ti 
2000 22.2 4.6 4.1 Sel 
3000 20.5 10.5 9.4 8.5 
4000 18.0 r.5 14.7 13.3 
5000 Lé.5 25.3 22.5 20.3 
7000 12.0 28.8 30.0 27.1 
9000 10.0 47.7 41.5 ke, 





Symmetrical 3-Lobe Bearing, D =2-9/32", L = 3/4", 
c = 0.008", m = 1/2 














6000 53.0 0.71 0.57 0.55 
12000 44.4 1.92 1.90 1.82 
18000 37.8 3.25 3.67 3.52 
24000 31.8 455 5.50 5.28 








Asymmetrical 3-Lobe Bearing, D = 4", L = 3", cy = 0.006", 
C> = 0.0083", my = 0.17, mz = 0.4 





3000 13.3 0.97 -87 0.84 
5000 13.8 2.24 2.44 2.35 
6000 13.3 3.08 3.40 3.26 
7000 11.4 3.94 4.20 4.05 
9000 11.3 6.86 6.40 6.15 























values represent the ratio of the power losses in the non- 
cylindrical bearings to the cylindrical type having a dia- 
metral clearance c. To compute then the power 
losses in elliptical and 3-lobe bearings, it suffices to com- 
pute the losses for a cylindrical bearing of clearance ¢ 
(the major clearance) using Petroff’s Eq. 1 and mul- 
tiply it by the proper factor k from Fig. 6, or 


H = kH, (25) 


Table II and Fig. 7 give the same results for 
the assumption of an incomplete oil film. In this 
case 

H = jh, (26) 
where 7 is taken from Fig. 7. The column denoted 
Symm. 4-lobe can be used to calculate losses in an actual 
4-lobe bearing. In our case it applies to the upper half 


of asymmetrical 3-lobe bearings. 





Since the value of m in asymmetrical 3-lobe bear- 
ings is usually not the same for the upper and lower 
haf, no c mposite value of k and j can be given for it. 
To compute the power losses in an asymmetrical 3-lobe 
bearing, the upper half is treated as a symmetrical 4- 
lobe bearing and the lower half as an elliptical bearing. 


. : - (ky He + Ke Hee) 
or 
1. . " 
H = .— (hi Hy, = te Je 2) (27) 


where in general ky ~ ko, j1 ~ jz, and Hor ~ Hoo. 


COMPARISON WITH TEST RESULTS. In 
Table III a comparison is made of the power losses 
obtained from direct experiments with those cal- 
culated from the appropriate equation derived in 
this paper. The same information is plotted in Figs. 
8, 9, and 10. The experiments were conducted on 
a large Journal Test Stand with a dynamometer 
housing that enables direct torque measurements.” 
Considering the numerous variables involved in 
testing bearing performance and the difficulty in ob- 
taining reliable measurements of elliptical and 3- 





lobe bearings, the agreement between the experi- 
mental and theoretical results is very good. The 
calculated results are not much affected by consid- 
erations of an incomplete oil film. At low elliptici- 
ties this effect is almost negligible. 

In closing, it should be mentioned that the pow- 
er losses will be higher when the shaft is running at 
some eccentricity. It is possible to include the ef- 
fect of eccentricity in the appropriate equations, but 
to do so requires a knowledge of the locus of shaft 
center, i.e. the relation between eccentricity and at- 
titude angle. This, in effect, calls for a solution of 
Reynolds’ equation in two dimensions. The analy- 
sis presented here is now being extended to obtain 
such solutions. It is, however, well to remember 
that 3-lobe and elliptical bearings are used largely 
in low load applications, and in such cases the equa- 
tions here derived should prove adequate. 
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Examining Crystalline Structure Of A 
Catalyst. The photograph on the 
front cover of this issue, taken at Sin- 
clair’s Harvey, Illinois, Research Cen- 
ter, depicts a starting point in the 
research laboratory for the develop- 
ment of petroleum products. The flow 
of these products to the eventual con- 
sumer requires a number of important 
selling steps by engineers and petro- 
leum salesmen before the product 
reaches its final destination. 

In order for these people to do an 
effective selling job of products which 
are highly technical in nature, the pe- 
troleum industry necessarily must carry 
out a concentrated and effective educa- 
tion program. Today the petroleum 
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industry is meeting this challenge by 
conducting extensive and continuing 
formal and informal education pro- 
grams. Among the devices used in 
such training are special symposiums 
conducted by research and_ technical 
service groups, field meetings on new 
product development, special technical 
brochures and publications which cover 
the basic problems related to specific 
petroleum products, and general sales 
manuals which in part provide informa- 
tion on the technique of lubrication. 

Millions of dollars are spent each 
year in furthering education which is 
vital in preparing oil company repre- 
sentatives to do a competent job of 
recommending the right product for 
the right application. This is particu- 
larly important in the industrial field 
where plant management relies to a 
great extent on the abilities of the oil 
company representative to assist in 
attaining maximum operating efficiency 
at minimum cost. 

Typical of training programs being 
used have been symposiums conducted 
by Sinclair in training their industrial 
representatives and lubrication engi- 
neers. Recently a two-day session on 
grease was presented at Sinclair’s 
laboratories; at this meeting research 
and technical service personnel pre- 
sented the various aspects of grease 
technology in a series of planned lec- 
tures using visual aids. In addition to 
the lectures, a tour of the grease labo- 
ratory was made. At the end of the 
session reference material was _ pre- 
sented to the people attending so that 
they would have a permanent record 


of the material discussed. 

Every indication points to a con- 
tinuing expansion of education within 
the petroleum industry as the only 
means of keeping up with advancing 
laboratory techniques. This problem 
is not only recognized on an individual 
basis by the oil companies, but also by 
various societies and associations di- 
rectly and indirectly connected with 
petroleum. Certain chapters of the 
American Society of Lubrication Engi- 
neers have been conducting formalized 
programs on lubrication. These classes 
have included studies on the theory of 
lubrication as well as the practical ap- 
plication of lubricants to industrial 
equipment. 

It is apparent that this is the age of 
tremendous technical change within the 
petroleum field. Extensive educational 
programs will be a must in providing 
man power with the know-how to do a 
competent job of assisting the various 
industries and other types of consum- 
ers in solving their lubrication prob- 
lems. (Submitted by Sinclair Refin- 
ing Co.) 
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Plant Safety As Related To Lubrication 
(Panel) 


D. W. Dodson, Chrmn.* 


At the ASLE 1955 Annual Meeting in Chicago, a 
panel meeting was held to present the opinions of 
authorities on the various topics of safety as pro- 
moted by the use of (1) fire-resistant hydraulic 
fluids, (2) centralized lubrication, and (3) lubri- 
cants dispensing in press and metalworking opera- 
tions. Messrs. W. H. Millett (Carbide & Carbon 
Chemicals Co.), J. D. Lykins (Wheeling Steel Corp., 
acting for J. W. Lander), and M. A. Cavanaugh 
(The Budd Co.), composed the panel; Mr. Dodson, 
acting for D. G. Vaughan (Aetna Casualty & Sure- 
ty Co.), presided as Chairman. 


D.G. VAUGHAN, Aetna Casualty & Surety Co. In 
discussing the subject of plant safety as related to 
lubrication, it is not enough to consider conven- 
tional grease cups, oil cans, oil drip methods, and 
usual chassis lubrication procedures. Centralized 
lubricating systems are vital as means of promoting 
safety. 

In the accident prevention field, reports from 
all over the country indicate that workmen are in- 
jured while climbing ladders to lubricate overhead 
machinery. When the proximity of workers to op- 
erating machinery is reduced by centralized lubrica- 
tion systems, and safer and more accessible points 
for applying lubricants, such accidents can largely 
be prevented. 

As an added safety factor, machinery should 
be shut down before being lubricated. Sometimes, 
however, this is not practicable; sometimes the hu- 
man error enters when a workman either forgets to 
shut off the power on the machine, or figures he can 
save a few seconds and thereby shorten the length 
of time taken to complete his job. The overhead 
crane (designed for manual lubrication) is a typical 
source of accidents occurring during this procedure. 
In the absence of centralized lubrication, the op- 
erator may have to climb all over the crane. If he 
slips and falls a considerable distance, permanent 
injury or death can result. Electric shock is anoth- 
er possibility when manual lubrication is required. 

Another source of accidents traceable to lubri- 
cation, arises through failure to properly lubricate 
a machine, and the resultant generation of consider- 


*Aetna Casualty & Surety Co., 120 S. LaSalle St., Chicago, 
Ill. 


(This paper was sponsored by the ASLE Technical Com- 
mittee on Lubrication Equipment, and presented at the 
ASLE 10th Annual Meeting, Chicago, April 13, 1955.) 


LUBRICATION ENGINEERING, March-April, 1956 


able heat. When flammable vapors or an excess of 
dust exist, an overheated bearing can become a 
source of ignition to cause a serious fire or explo- 
sion. This could happen in a flour mill, a grain ele- 
vator, certain chemical plants, a candy factory 
where there is starch dust, a plastics plant, or any 
one of a number of similar operations. 

Lack of lubrication also can cause a bearing to 
freeze. This may impose a severe strain on the ma- 
chine, in some cases resulting in broken shafting and 
damage to other machine parts. Losses from dam- 
aged machinery, spoiled goods in the process of 
manufacture, and injuries to nearby workmen have 
all been reported from overheated bearings. 

On the other hand, on some types of mecha- 
nisms a surplus of oil will cause the excess to spill 
out. This can set up very serious hazards, i.e., slip- 
pery floors from dripped oil, increased fire hazard 
because of flammable dusts adhering to oil-covered 
shafts and bearings, excess oil dropping from bear- 
ings onto machinery or apparatus where the pres- 
ence of oil even in small quantities could cause fire 
or explosions. This could occur in chemical plant 
nitrators, or elsewhere if flammable vapors are pres- 
ent. 

Proper guarding of operating machine parts is 
an excellent way to forestall accidents. It is quite 
obvious that there is danger of injury to the man 
who attempts to oil the bearings of heavy machin- 
ery without adequate protection against contact 
with revolving pulleys, gears, and shafts. Frequent- 
ly, guards have to be moved in order to reach the 
oiling points. That is why machinery should be 
shut down before lubrication is started. When this 
precaution is overlooked a serious injury may re- 
sult. In some cases replacement of the guard is 
forgotten after oiling, 
another contributing a 
cause of injury to op- 
erators. 

In safety-conscious 
plants a foreman or su- 
pervisor checks at fre- 
quent intervals to see 
that machines are regu- 
larly and properly lu- 
bricated, that makeshift 
ladders are not used, 
that machinery is shut 
down for relubrication, 
and that guards are re- 
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placed. In some other plants, especially trained 
men are designated to inspect the machines just be- 
fore the shift starts. To offset the chance of injury 
to mechanics or lubrication personnel, some plants 
install switches that lock out certain machines. This 
enables the oiler to cut out and padlock each such 
section before he works on it. Provided this is done, 
there is no chance of anyone else starting a machine 
while it is being lubricated. 

On the other hand, there are some machines 
that must be lubricated manually while they are in 
motion. To promote safety, service platforms on 
runways can be built with guard rails and toe 
boards. Other adjuncts are a small can suspended 
from overhead, oil reservoirs located at individual 
bearings, and extension of oil or grease pipes. 

Clothing is another factor in connection with 
safety. It must not be loose, else it might get caught 
in moving machinery. One-piece overalls are bet- 
ter than two-piece—not so many free edges; sleeves 
should be kept buttoned around the wrist or cut off 
above the elbow; trouser legs should not be cuffed 
but tucked inside wool socks or covered with leg- 
gings; gloves should be avoided, neckties or rings 
should not be worn. Ladder equipment needs spe- 
cial attention. 

To summarize, a suggested outline of safety 
instructions for lubrication personnel is listed. 
Prominent posting in the plant is recommended. 

(1) Clothing should be close-fitting, with no 
ragged ends; no torn, unbuttoned, or loose sleeves; 
no loose or torn trouser legs; no long neckties or 
gloves that might become caught in machinery. 

(2) The correct use of ladders and stepladders 
should be understood, especially the correct way of 
placing a ladder and length of reach. 

(3) The bearings of several countershafts 
should not be oiled from one position of the ladder. 
This can involve dangerous reaching. 

(4) Stepladders should not be placed astride 
machinery in motion. 

(5) Care should be taken not to walk or stand 
on machines while they are running. 

(6) Idle belts which are hanging about revolv- 
ing shafting should not be used as supports in reach- 
ing bearings. 

(7) Reaching over moving pulleys or between 
moving belts, or using waste or rags to wipe excess 
oil from moving shafts, are dangerous habits and 
should be strictly prohibited. 

(8) Belts should not be thrown off by hand. 

(9) Oil holes in bearings should be kept clean 
and free from dirt. 

(10) The oiler should be careful not to over- 
flow bearings with oil. 

(11) The spout of an oil can should be kept 
clean of dirt particles which might prevent the flow 
of oil; the result would be dry bearings even though 
the oiler had supposedly done his duty. 


W. H. MILLETT, Carbide & Carbon Chemicals 
Co., Improved Safety with Fire-Resistant Hydraulic 
Fluids. Any discussion of plant safety as it relates 
to lubrication is incomplete without some reference 





to the improvement in over-all safety that can be 
realized through the use of less-flammable hydraulic 
fluids. In recent years, engineers who are concerned 
with safety, lubrication, maintenance, and hydrau- 
lics have shown a rapidly growing interest in hy- 
draulic fluids with reduced flammability charac- 
teristics. This interest has been stimulated by two 
factors: first, the recognition that fire-resistant hy- 
draulic fluids mean greater safety; and, second, the 
development of improved fire-resistant fluids that 
can be used on a routine basis in industrial installa- 
tions. These products are of particular interest to 
anyone using fluids for pressure transfer in haz- 
ardous areas, or equipment which is close to poten- 
tial ignition sources. 

It is common practice to refer to fluids of re- 
duced flammability as “nonflammable” hydraulic 
fluids. This term is actually incorrect, since prac- 
tically all organic liquids can be made to burn under 
some conditions. For this reason, these products 
are more accurately called “fire-resistant,” “less 
flammable,” “safety,” or “nonflammable-type” hy- 
draulic fluids. The important points to remember 
are that the fluids now on the market are much less 
flammable than conventional hydraulic oils, and 
that they will not burn under the conditions nor- 
mally encountered in industrial plants. 

Original impetus for the development of fire- 
resistant fluids was supplied by the military during 
World War II in their search for less-flammable 
fluids for aircraft. With the cooperation of the 
chemical and aircraft industries, products were de- 
veloped that have contributed significantly to air- 
craft safety. Shortly after the war, several chemical 
companies undertook projects of making similar 
products that could be used to meet the somewhat 
different requirements of industry. As a result of 
this effort, several types of fire-resistant fluids were 
developed and are now being used by industry in 
increasing quantities. Their contribution to safety 
is unchallenged. Suppliers of fire-resistant hydrau- 
lic fluids have in their files records of many in- 
stances in which their use has prevented extensive 
plant damage and injury to personnel. 

Fire-resistant fluids that are currently being 
marketed commercially fall into two broad cate- 
gories: 

1. Aqueous or water-base fluids, which rely on 
the well-known inertness of water for their fire re- 
sistance. 

2. Nonaqueous or straight synthetic fluids, 
which are built around organic compounds that pos- 
sess inherent flame resistance. 

Before a consumer adopts a fire-resistant fluid 
for any particular application, he should first con- 
vince himself that he has a real need for it. Then, 
if he decides to change over, he should make an hon- 
est effort to learn as much as he can about the sev- 
eral types of products and how they differ from con- 
ventional hydraulic oils. Safety hydraulic fluids 
have chemical and physical properties that are dif- 
ferent from those of hydrocarbon oils. They be- 
have differently in hydraulic systems. They not 
only differ radically from conventional oils, they dif- 
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fer just as radically among themselves. The poten- 
tial user should become intimately familiar with all 
of these differences before he puts a fire-resistant 
fluid into a hydraulic system. 

The most important single consideration in the 
successful use of fire-resistant fluids is maintenance. 
Plants with good maintenance and housekeeping 
practices seldom have difficulty in converting to 
less-flammable hydraulic fluids if they have selected 
the proper product for their equipment. Clean, tight, 
well-maintained systems with adequate filtration 
and moderate temperatures are the basic require- 
ments for success with these products, just as they 
are with conventional hydraulic oils. 

All of the available fire-resistant fluids are 
excellent solvents or dispersants. They exert a 
strong solvent or dispersing action on petroleum oil 
sludges, varnishes, and deposits, as well as a solvent 
or lifting effect on most of the conventional types 
of paints used in hydraulic systems. Thus, freedom 
from fluid contamination becomes an important con- 
sideration. Initially, particular care should be taken 
in cleaning residual oil and sludge from the hydrau- 
lic system. Paint that might be affected should be 
removed from reservoirs. After the fluid is installed 
filters should be watched carefully, since filter clog- 
ging by loosened paint or deposits can cause cavita- 
tion and pump starvation. If it is essential to use 
a painted reservoir, resistance paints are available 
and can be recommended by the fluid supplier. 

In summary, it should be re-emphasized that 
fire-resistant fluids were developed for a specific 
purpose—improved safety. They are doing the job 
for which they were designed, and their use in in- 
dustrial hydraulic systems should be regarded as 
safety insurance. They represent a practical an- 
swer to a serious safety problem. The best way to 
succeed in using them is to know what they are, to 
know how to use them, and to follow sound hydrau- 
lic fluid maintenance practices. 


J. W. LANDER, Wheeling Steel Corp., Safety As- 
pects of Centralized Lubrication. Our chief obser- 
vation concerning this subject is the coincident in- 
crease in our safety record which has developed 
since the installation of the automatic centralized 
lubrication systems, as compared with our expe- 
rience under the old hand-gun methods of lubrica- 
tion. 

In checking back over the past five years and 
analyzing our accidents as they related to oiling and 
greasing operations, it is astounding to find that 
most of these accidents could have been prevented 
had our present automatic method of lubrication 
been in service. In other words, many of our most 
serious accidents were due to conditions arising 
from hand methods of lubrication. For instance, 
several months ago we had a man killed on one of 
our soaking pit cranes. He was helping change a 
bearing on the carriage and went to the ground for 
grease; in returning he slipped off the rail and fell, 
fracturing his skull. Some other examples will be 
of interest. 

(a) Coal Rig, Coke Plant. On another occa- 
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sion a coke plant employee was lubricating the trol- 
ley on the coal rig and had locked out the switches. 
When his work was finished he unlocked the 
switches and gave the craneman the “OK” signal; 
but for some unknown reason, returned to the top 
of the crane where he was found minutes later, bad- 
ly crushed. This crane was, at that time, hand lu- 
bricated. 

(b) Skulleracker Crane. In this case the em- 
ployee was assigned to grease gears on the drive, - 
but was warned not to start work until the crane- 
man had finished loading a car. Disregarding in- 
structions, the employee returned to the top of the 
crane, removed the guard and, as a consequence, 
was caught and suffered severe head and facial in- 
juries, with permanent impairment of the right eye. 

(c) Chipping Building. In still another case, a 
craneman sent for a maintenance man to check the 
need for lubrication of the hoist on the crane trol- 
ley. He then stepped from the crane cab to go to 
the top of the crane just as the maintenance man 
entered the cab. In some unknown manner the con- 
trol was jogged into an “on” position causing the 
crane to lurch against the blocks, thus crushing the 
craneman between the crane cab and a building 
column. 

(d) Finishing Crane Runway. Here an em- 
ployee was starting to work on a wheel bearing that 
had burned out, but failed to lock out switch; he 
had his hand amputated as the crane started in mo- 
tion while he was holding onto the rail. Careless- 
ness on the part of the injured employee in not lock- 
ing out the switch, plus the lack of teamwork be- 
tween him and the crane operator at such times, 
contributed to another serious accident; but it is a 
consolation for this safety man to know that we are 
now in the process of installing centralized grease 
systems on all overhead cranes and, as a result, the 
reduction in manual effort and contact will further 
decrease such injury experience. 

(e) Machine Shop. This time an employee at- 
tempted to grease a boring mill while it was in op- 
eration and while wearing gloves. His glove caught 
on the drill, resulting in a badly broken hand and 
wrist which eventually left some degree of perma- 
nent disability and disfigurement. The possibility 
of repetition of this incident has been eliminated by 
the installation of a circulating oil system. 

(f) Skelp Straightener. An employee was 
greasing the table rolls without shutting down the 
operation. He thoughtlessly attempted to wipe 
grease, that he had spilled, off the rolls. In so do- 
ing, his hand was caught between the upper and 
lower rolls, severely crushing the hand and causing 
amputation two inches above his wrist. 

(g) 44” Blooming Mill. Employees were 
changing a “burned out” table roll bearing as a 
crane raised the table roll. Employee was attempt- 
ing to remove bearing when cable broke, permitting 
roll to fall, thus catching his hand between the roll 
and bearing. Result: amputated hand. Since the 
installation of automatic lubrication on this mill 
about two years ago, we have not had an accident 
of any type, which is a perfect improvement as com- 
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pared with our past experience. 

(h) Blast Furnaces. Additional improvement 
in our accident experience is shown in the safety 
record of our six blast furnaces. Heretofore, it was 
quite common to have men gassed while in the act 
of inspecting and lubricating at the top of a blast 
furnace. This was virtually a daily occurrence, and 
throughout the steel industry many employees have 
lost their lives due to working in these gaseous 
areas, although we have been quite fortunate in this 
respect. 

With the installation of automatic centralized 
lubrication systems on the blast furnaces, the pump- 
ing station and grease reservoir are located at 
ground level, and the lubricant is piped to the top 
of the furnace where a measured amount is metered 
to the individual bearings at specified intervals. This 
eliminates the daily inspection and manual greas- 
ings, and with it the inherent dangers of such as- 
signments. Our present method requires only 
weekly inspections. 

Our safety experience at our Bessemer con- 
verters also has improved to a point where we have 
operated since August, 1953, without an accident; 
here again, we can point to centralized lubrication 
as a dominant factor in this favorable development. 

(i) Hot Strip Department. Here all table rolls, 
backup and finishing rolls, screws, coilers, line 
shafts, and roughing stands are lubricated by an au- 
tomatic centralized system. 

(j) Cold Strip Department. In this department 
all tandem mills, pickling lines, roller levelers, and 
shear line also are serviced by a centralized lubri- 
cating system. 

Because of the nature of the equipment in hot 
and cold strip operations, it was necessary to halt 
operations to carry out lubrication under the old 
manual greasing methods, thereby multiplying, in 
addition to the hazard, many hours of lost produc- 
tivity. 

In final summation, our experience has proven 
to us beyond any reasonable doubt that innumerable 
benefits are derived from centralized lubrication ap- 
plied to the thousands of bearings and gears, etc., 
throughout the steel industry, as compared to the 
old manual-greasing methods. Many of the perti- 
nent hazards that existed under the old system have 
been eliminated. The insidious problem of derma- 
titis, which used to be prevalent where an employee 
was in almost constant contact with oil and grease, 
also has almost entirely disappeared. 


M. A. CAVANAUGH, The Budd Co., The Signifi- 
cance of “Lubrication.” I wish to take the word 
“lubrication” and define, by the use of the letters in 
that word, what I think lubrication means to indus- 
try today, and how it relates to safety. 

“L” is for Losses. It covers the losses in man- 
hours due to accidents caused by lubrication; it also 
relates to the losses in profit due to high direct and 
indirect costs. Naturally, if a machine in the line 
goes down people have to be sent home. They lose 
pay, and the company loses the usefulness of that 
equipment. 
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,’ the Users. This can be divided into two 
sections, the first being materials. That comprises, 
primarily, oils and greases. The other is the type 
of systems in use. These involve oil cups, grease 
cups, shielded bearings, mist systems, one-shot lu- 
brication systems, timed lubrication, and central lu- 
brication systems. Not too many years ago when 
we bought a piece of equipment, it was equipped 
with grease guns, grease fittings, or oil cups. We 
all had quite a time selling management on doing 
away with this type of equipment. Industry as a 
whole enlisted the services of the lubrication equip- 
ment companies to promote more modern ways of 
lubrication. What has been the result? The mist 
system, one-shot, and centralized lubrication; also, 
now, the timed type of lubrication. 

“B”is for Bearings. The modern theory is to 
build the proper type of bearing into the equipment 
for the application under which it is to be used. 

“R” is for Recommendations. These should be 
handled between a lubrication engineer, a chemist, 
and the purchasing department, preferably in that 
order. Don’t let the purchasing agent sell you some- 
thing because he can get it for five cents cheaper 
than what you should have. You buy a piece of 
equipment from a manufacturer who often speci- 
fies the type of oils and greases he considers should 
be used. On the other hand, from that standpoint 
you can have too many different types of lubricants, 
the result being that eventually the wrong type of 
lubricant may get into some units. Try to stand- 
ardize your lubricants as much as possible, working 
in conjunction with the equipment builder and the 
lubrication companies you deal with. 

“I” is for Indicators. Those are sight glasses, 
levels, relief valves, the use of color schemes for in- 
dicating points for lubrication, and the frequency of 
lubrication. If possible, charts should be mounted 
with the equipment, and the manuals issued by the 
equipment manufacturers should be read and fol- 
lowed. 

“C” is for Cleanliness. Cleanliness has to do 
with the proper storage and dispensing of greases 
and oils. Another factor that concerns us is de- 
terioration and contamination. There is nothing 
more unsightly than a piece of equipment covered 
with oil and grease to the point of dripping. Ob- 
viously, this involves a hazard. 

“A” is for Accessibility. This has a two-fold 
relation; first, from a personnel standpoint. If lu- 
brication facilities are accessible, hazards will be re- 
duced. Second, if parts are accessible you can be 
sure the machine will be lubricated. 

“T” is for Time. Lubrication should be sched- 
uled either by the shift, the day, the week, the 
month, or the year, whichever is the necessary time 
for the particular point to be lubricated. In this 
connection, we regard timed lubrication as particu- 
larly applicable to press equipment. This is ad- 
justed so that every five minutes, every fifteen min- 
utes, or whatever time you want to set, a shot of 
lubricant is delivered to all points of that particular 
piece of equipment. Here you eliminate having to 
depend upon a person to do it at a scheduled time. 
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“I is for Instruction. Instruction should be 
given to the maintenance supervision, the mechanics 
and the oilers of the maintenance division. It should 
also be given to your production supervisor, and, 
certainly, the operators of the equipment should be 
aware of all points requiring lubrication on their 
equipment. This is one of the chief ways in which 
lubrication enters into a preventive maintenance 
program. Furthermore, your oilers, electricians, 
millwrights, and people of that nature who work on 
such equipment, should be instructed that the first 
thing they should do is to shut down the machine 
before they start to work on it. This cannot be 
stressed too highly from a safety standpoint. 

“OQ” is for Observation. The majority of us 
have five senses. You can observe your lubrication 
through your eyes, your ears, your nose, and, let us 
say, even through your mouth by the taste of the 
oils or greases, and through your hands, in the old- 
fashioned way of determining whether the oil is 
good. You should go further than that and peri- 
odically test your lubricants. A lot of the machines 
today are equipped with a central lubricating sys- 


tem from which lubricant (either oil or grease) is 
pumped to the different points to be lubricated. 
Where oil is involved it should be periodically test- 
ed and filtered to insure quality and absence ef non- 
lubricating contaminants. 

“N” is for Notes or Records. We cannot stress 
too highly the benefit of keeping accurate records. 
Those should include the frequency, the quality, the 
quantity, and the cost of both labor and material. 
In small companies, that may not be too easily done. 
Even so, records have a great deal of bearing on the 
matter. You can use them in the event of trouble 
with the manufacturer of a piece of equipment— 
you can prove your point; and if you can do it, you 
won’t have too much trouble in getting them to re- 
design parts or furnish other parts because of the 
failures. In my company we expect our supervisors 
to talk to two, three, or four men every day on safe- 
ty angles. If you get your supervisors talking safe- 
ty to the men, you will find that your entire operat- 
ing personnel will become so safety conscious after 
a while that they will constantly be thinking and 
acting safely. 





QUESTIONS & ANSWERS 


Q. Are fire-resistant hydraulic fluids being used or con- 
sidered to operate coke oven equipment? 

A. At the present time we are using fire-resistant hy- 
draulic fluids for lubrication of the door pushers on the coke 
ovens, on the controls on the soaking pits and open 
hearths, with very good results. (Lykins) 


Q. Are water-base hydraulic fluids useable at tempera- 
tures as low as minus 65 degrees Fahrenheit? 

A. Industrial-type fluids which are used in such equip- 
ment as die casting machines, welding machines, and presses, 
are not designed for —65 F. operation. However, water- 
base hydraulic fluids currently being used in naval air- 
craft are designed specifically for low-temperature opera- 
tion; they have a viscosity of approximately 2,000 centistokes 
at minus 65. (Millett) 


Q. What types of filters are recommended for use with 
water-base fluids; and should they be used as full-flow filters 
or otherwise? 

A. In general, practically any type of filter medium, 
with the exception of Fuller’s Earth or activated clay, is 
satisfactory. The latter are not recommended, since they 
tend to remove the additives from the formulation. Prob- 
ably the most successful types are the cellulose cartridge 
filters and the metal screen devices. Paper filters some- 
times tend to clog if there is an appreciable amount of con- 
tamination in the hydraulic system, and in some instances 
fluids have shown an adverse effect on the resin binders 
used with these filters. 

Filters in hydraulic service can be used either as full- 
flow or by-pass. Many users find it very satisfactory to have 
an auxiliary portable filter which can be moved from ma- 
chine to machine. In this way, auxiliary filtering is going 
on all the time as the filter is rotated from one system to 
another. (Millett) 


Q. How about corrosion resistance, particularly as ap- 
plied to the water-base fluids; also to vapor-phase corrosion, 
= a comparison between fire-resistant fluids and petroleum 
oils? 

A. Since my connection has primarily been with water- 
base fluids, I feel most qualified to discuss that type. With 
any system comprising from 35 to 50 percent water, cor- 
rosion can be a problem. Naturally, this has concerned the 
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people who have developed these fluids, and you can be sure 
that a tremendous amount of work has gone into the formu- 
lation of these products, one of the key objectives being the 
incorporation of effective aqueous corrosion inhibitors for 
both the liquid and vapor-phases. The background in this 
field of development is very similar to the work done on anti- 
freezes for automotive cooling systems. 

Corrosion has not been a problem with the use of 
water-base fluids industrially, although occasionally we 
run into corrosion problems where there has been 
contamination. For example: In hydraulically-operated 
furnace combustion controls in steel mills, there is fre- 
quent regulation of the rate of gas flow or adjustment of 
the fuel-air ratio. This gas is sometimes high in sulfur con- 
tent, and under those conditions vapor-phase corrosion 
may be a problem. Vapor-phase corrosion inhibitors mini- 
mize this to acceptable low levels, in some cases even com- 
pletely eliminating the trouble. Although vapor-phase cor- 
rosion has not been found to be a problem in the vast 
majority of hydraulic systems, it is certainly more apt to 
occur with aqueous fluids than with petroleum oils. With 
proper attention to design and maintenance considerations, 
it can usually be avoided. (Millett) 

A. I would like to make a comment on type of filters 
recommended. In the use of cellulose filters, there is one 
thing that you should consider seriously, and that is that all 
the cellulose-type filter elements are not treated to make 
them water-resistant. As a result, we had some sad experi- 
ence at first where the filter element disintegrated. Today, 
all of our filter elements are now backed with either felt 
or a canvas-type material, so that if we do encounter a unit 
that would tend to disintegrate, the contents are kept from 
getting out to the system. (Lykins) 


Q. Has nylon tubing been used on central systems? 
What are the results? 

A. We have not used any nylon tubing on our central- 
ized grease systems. However, we have had very good re- 
sults with nylon tubing on oil-mist or fog systems where the 
pressures have not been too high and the temperatures are 
no criterion. (Lykins) 


Q. Relating to the general subjects of lubricating char- 


acteristics, the lubricity of fire-resistant fluids, and how 
they compare with each other, and petroleum oils, is the 
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type of system a factor? 

A. Lubricity and corrosion are the two factors that 
have received the most attention. In our own laboratories 
we have set up a standard series of tests which are run on 
development formulations, on our standard fluids, and on 
our competitor’s products. This procedure has been found 
to be a very effective means of measuring the lubricating 
characteristics. 

The test rig involves a vane-type circulating pump with 
a relief valve, sump, filter, coolers, and flow-meters, all in- 
corporated in the system. Several different types of tests 
can be run on this very flexible unit. The effect of discharge 
pressure can be determined by running fluids over a range 
of pressures. A long-term endurance test will give an ex- 
cellent idea as to how the fluid could be expected to stand 
up in service. A short-term test procedure of 40 hours’ 
duration is used with the same equipment to get an indica- 
tion as to wear characteristics. 

Long-term tests on water-base fluids have indicated 
that wear is in the same general range as obtained with 
high-quality, petroleum-type hydraulic oils. Variation from 
oil to oil of the conventional type is probably greater than 
the deviation between water-base fluids and the petroleum 
products designed for this type of service. 

Since water-base fluids contain from 35 to 50 per cent 
water, they are not generally recommended for high-tem- 
perature service due to the high-vapor pressure of water. 
These products should not be used if bulk fluid temperatures 
are in excess of 150 F. In fact, it is sound hydraulic practice 
to keep fluid temperatures within a range of 110 to 130 F., 
regardless of the type being used. Viscosity is a very con- 
venient means of measuring water content. As you lose 
water the viscosity increases. Many plants have set 
up a system of periodic measurement of the viscosity in 
order to determine the water content, or the extent of 
water loss. During the initial period of operation it is well 
to measure the viscosity frequently, say once a week, in 
order to get the pattern and find out if there are any pe- 
culiarities in the system to cause excessively high water loss. 
After having established the pattern, viscosity controls can 
be run less frequently, say every three or six months. 

The type of pump, of course, is a factor. Some types 
are much more critical than others with respect to lubrica- 
tion, so the problem usually must be handled on an indi- 
vidual basis. 

The effect of fire-resistant hydraulic fluids on seals, 
packings, and hose also must be studied. Here there is a 
real difference between water-base and nonaqueous types 
of such products. In general, water-base fluids do not 
adversely affect the types of rubber that are conventionally 
used with petroleum oil. 


When fire-resistant fluids were first used, steel dete- 
rioration was quite a serious problem because all the angles 
were not known. Today, it is not too serious a matter. It 
merely requires the use of a suitable resistant-type of seal 
in accordance with the type of fluid. (Millett) 





brication, the author has com- 


Q. How do you grease open gears on cranes? 

A. At the present time we are in the process of install- 
ing automatic centralized equipment. It used to be cus- 
tomary to either brush the lubricant onto the open gears, or 
to use hand spray guns; today, we feel that the spray appli- 
cation has been developed to the point where we can go 
ahead with it now and improve the application considerably. 
(Lykins) 


Q. Do you use oil or grease in centralized systems? 

A. Depending on what we are lubricating, we have 
equipment which can be considered as centralized lubrica- 
tion equipment for oils, although grease is the preferred 
lubricant for cranes. (Lykins) 


Q. Is it correct to presume that aqueous-type hydraulic 
fluids are not recommended for hydraulic pressures in ex- 
cess of 1,000 psi? 

A. It is incorrect. Many systems are operating at pres- 
sures of 1,500 pounds with 1,000-pound pumps; others in- 
volve the use of 2,000-pound and 2,500-pound pumps. 
( Millett) 


Q. How about the explosion hazards of ordinary hy- 
draulic fluids due to leaks or air in the system under the 
usual operating pressures? 

A. We know there are hazards. Wherever a fluid is 
being moved, or is being used to move equipment operating 
under pressure, any small leak in the system under the 
prevailing pressure will cause a spray of fluid. Sometimes 
those sprays travel astoundingly great distances—50 to 60 
feet—to Contact some source of ignition such as molten metal 
in the die casting industry, a hot ingot, or any material that 
might flash a flammable fluid. Unfortunately, it is a flash 
fire. You do not have time to get out of the way. Fire- 
resistant fluids are designed to overcome this difficulty. 
( Millett) 


Q. Do plastic molding machines warrant the use of 
non-flammable-type hydraulic fluid? 

A. This is a new field which is being investigated. The 
City of Los Angeles, where a lot of plastic molding is done, 
is particularly concerned about this. 

It should be stated that, initially, the principle emphasis 
was directed toward the die casting industry. Here there 
was a known hazard. Fires had occurred which had been 
accepted as routine in such plants. Fire-resistant fluids 
were developed with this industry in mind, but with the suc- 
cessful use of these materials in die casting, their use has 
been extended to welding machines, presses, and other types 
of equipment in various industries. Recently, discussions 
have been devoted to fire-resistant steam turbine oils. 

As to the application of water-base fluids in air com- 
pressor lubrication systems, here the temperatures which 
prevail are probably too high for a water-base type prod- 
uct, in view of the potential explosion hazard which exists 
where two-stage or three-stage compressed air is used for 
starting gasoline engines. (Millett) 


tion and maintenance procedures. 
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Basic Lubrication Practice, by 
A. F. Brewer; Reinhold Publish- 
ing Corp., New York, 1955; 286 
pages, extensively illustrated, 
price $6.75. (Reviewed by K. H. 
Strauss, The Texas Co.) 

Based on his extensive expe- 
rience in the field of industrial lu- 
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piled a handbook of lubrication 
practice. Starting with a discus- 
sion of operating conditions and 
their general effects on lubricant 
performance, he then deals with 
the more common inspection tests 
performed on lubricants and 
greases. Various types of bear- 
ings and bearing materials are 
covered in detail. Plain bearing 
design is discussed from the 
practical point of view, while the 
section on ball and roller bearings 
is concerned mostly with lubrica- 


Photographs of typical failures 
and their causes are included. A 
section on gears is devoted most- 
ly to the recognition and preven- 
tion of various types of failures. 
Other chapters deal with chain 
and wire rope lubrication, flexible 
couplings, seals, and automatic lu- 
brication. Lubrication recom- 
mendations are included in the 

different sections. 
The second part of the book 
treats general types of lubrication 
(Continued on p. 152) 
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A Mass & Energy Balance 
For The Wear Process 


by P. F. Chenea* & A. E. Roach** 


A mathematical treatment is given of one phase of the wear 
processes which is defined as “fatigue wear.” This wear is 
envisioned as a sink for energy after a disturbed surface 
has become saturated with internal energy, that is, has be- 
come work hardened to the limit, and the additional energy 
is used to increase the surface area (produces abraded par- 
ticles). A mass and energy balance is presented to de- 
scribe the process. 


Several types of wear have been distinguished in 
the literature. These include adhesive wear, re- 
sulting from metal transfer and pick-up between 
surfaces in sliding contact; abrasive wear, resulting 
irom either the ploughing of a soft surface by the 
asperities of a hard surface or the cutting action of 
loose abrasive material between the sliding sur- 
faces; corrosive wear, resulting from chemical at- 
tack of either or both of the sliding surfaces; and 
fatigue wear, resulting from repeated stressing of 
the contacting surfaces due to relative sliding. The 
present paper is concerned primarily with wear of 
the last-mentioned type. 

Fig. 1 shows a “wear” track left on an iron plate 
by an iron stylus. The plate was finished by uni- 
directional polishing on abrasive paper; the finish- 
ing marks are visible as vertical lines in the figure. 
The “wear” track produced by a single passage of 
the stylus over the plate is visible as a group of ir- 
regular horizontal marks crossing over the finishing 
marks. 

The principal feature to be noted in Fig. 1 is 
the severity of plastic deformation (smearing of 
metal) in the “wear” track. Even on a microscopic 
scale, the extent of the damage in the track is enor- 
mous. Such deformation, if carried out repeatedly, 
as, for example, by reciprocation of the stylus upon 
the plate, will be accompanied by an increase in in- 
ternal energy which will be manifested as strain 
hardening. 

Eventually the disturbed surface layer will be- 
come saturated with internal energy (strain hard- 
ened to the limit). If the surface is then further de- 
formed, the additional work input can no longer be 
stored as internal energy. It must either be dissi- 


*Purdue University, Div. of Engineering Sciences, Lafay- 
ette, Ind. 


**Deceased; formerly with General Motors Corp. 

(This paper was co-sponsored by the ASLE Technical Com- 
mittees on Bearings & Bearing Lubrication, and Lubrica- 
tion Fundamentals, and presented at the ASLE 10th An- 


nual Meeting, Chicago, April 15, 1955.) 
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pated as heat or appear in some new form. One 
form in which it may appear is as an increase in free 
surface energy through the generation of wear par- 
ticles. 

Although the laws governing the generation of 
wear particles are not known in sufficient detail for 
a complete analysis of the process, enough is known 
for a mass and energy balance. The results of this 
mass and energy balance disclose several features of 
interest to students of wear. 


MASS BALANCE. Consider a surface undergo- 
ing wear, as indicated by Fig. 2. Here / is the total 
change in surface level due to sliding contact with an- 
other surface which is not shown. Part of / is caused 
by “wear” (that is, by removal of material as wear 
particles ) and part by a change in density of a disturbed 
surface layer of thickness H. 

Let p, be the original density of the surface ma- 
terial, p, the mean density of the wear particles, and 
pp(<) the density of the disturbed layer as a function of 
depth sz. 

For unit area of surface, the mass of the original 
surface layer is po(/i + H), the mass of the remaining 


surface layer is \ pp(2)dz, and the mass carried away 


0 
V 
by N wear particles is > m;, in which m; is the mass 
t= | 
of the ith wear particle. 

If it is assumed that the number of wear particles 
is so large that their size distribution may be repre- 
sented by a frequency function p(m) such that p(m)dm 
is the probability that an arbitrary wear particle 
will have a mass between m and m + dm, then the 
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mass carried away by the wear particles is simply 
io 4) 
(nun m)dm, 


The mass balance for one surface (denoted by sub- 
script 1) may now be written as 


H, fora) 
p(y + Hi) = (pn (s)ds + Ni ( mysinyam (1) 


/o 
ie 


while that for the other surface (subscript 2) is 


He - 


por (he + He) = po2(s)dzs + Ne 


mp2(m)dm 


‘ (2) 


ENERGY BALANCE. When two bodies are 
rubbed together, work must be done to overcome 
sliding friction. This gives rise to an increase in 
temperature at the interface where the bodies are 
in contact. In addition, there will be, as we have 
seen, plastic deformation of the surface iayers of 
the bodies and, hence, an increase in their internal 
energy. If wear occurs, as it inevitably will, there 
will be an increase in surface-to-mass ratio as a re- 
sult of the generation of wear particles. When the 
wear particles leave the surface, they will carry a 
certain amount of heat and internal energy away 
with them. 

For this simplified model of the wear process, 
the law of conservation of energy gives rise to the 
following energy balance: Mechanical power in- 
put = rate of heat flow into body being worn + 
rate of increase of internal energy in disturbed sur- 
face layer + rate of increase of surface energy by 
generation of wear particles + rate of heat trans- 
port by wear particles + rate of internal energy 
transport by wear particles. 

This may be written as: 


a r d6, (zs) % 6. (s) 
fPV = [ « 4g Ko) | 
H, H: 


€2(5 )dz | 


Ht woes fe 
a di e(s)ds + dt 








© e 
ra) 

dN, de) ea 

= [ ai S:- dt (—*-) pi (m ydm 
Pwi 
20 
dN» m \%4 
+ as Se gE ( ae ) pe(m)dm | 
20 

‘: [ a) eer a oN mpi(m)dm 
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20 

dN, 
+ ¢2(Oez — O02) Fy mp2(m)dm | 

20 
mn [ fp, - _ mpi(an) din 

( 
00 
dN» mps(m ydm | ( 3) 
+e, - ? 
pe dt 


in which the subscripts 1 and 2 refer to the separate 
bodies participating in the wear process, and 


f = friction coefficient, dimensionless 

P = normal load, dynes per cm? 

V = sliding velocity, cm per sec 

K = thermal conductivity, dyne-cm per cm per 
°C per sec 
6(s) = temperature at depth s below worn sur- 
face, °C 
e(s) = internal energy density increase at depth 
< below worn surface, dyne-cm per cm? 
N = number of wear particles removed per 
unit area of surface, cm? 

a = shape factor for wear particles (ratio of 
area to two-thirds power of volume), di- 
mensionless 

S = surface energy per unit area of wear 
particles, dyne-cm per cm? 

o = heat capacity per unit mass of wear par- 
ticles, dyne-cm per °C per gm 

6, = mean temperature of wear particles, °C 

6, = initial temperature, °C 

€» = internal energy per unit mass of wear 


particles, dyne-cm per gm 


Steady-State Mechanical Wear Between Identical 
Materials. If steady-state conditions prevail, the 
depth of the disturbed surface layer will be con- 


i 
‘8 
it 


et" 


some Tea 


Fig. 1. Wear track on iron plate. 
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UNDISTURBED MATERIAL 
= 


Fig. 2. A surface undergoing wear. 


stant and the change in internal energy may then 
be taken as zero. If the surfaces are of identical ma- 
terials, the work input may be assumed to be divid- 
ed equally between them. Hence, for a single sur- 
face Eq. 3 becomes 





we dé (s) dN 2/8 
—=~ {PT — ga rats A * a mW : 
2 K gz °°? dt ( pg ) pP(m) din 
00 
+ clO0wv — 0) ae) mp(m)dm 
dt 
oo) 
+ & “ mp(m)dm (4) 
¢ 


o 


If changes in density are negligibly small, so 
that po = pw = po = p approximately, then for a 
single surface Eqs. 1 & 2 become 


00 
Sea m 
ienle —p hCard 
or 
20 
_dh_ dN m 
dt a dt p ~p(m)dm (5) 


Eliminating dN /dt between Eqs. 4 & 5 and solvy- 
ing for dh/dt, one obtains 














1 ene >, BO C8) 
| a i 
dt ~~ > 
o2) 2/3 
. ("Jo m)dm 
S ncaa + p| (a —#.) 4 «| 


x 
( (2) roman (0) 


Here the numerator represents the power unit 
area available to activate the wear process, while 
the denominator represents the inherent wear re- 
sistance of a unit area of surface. This wear re- 
sistance is undoubtedly related to the hardness or 
mechanical strength of the material. 

It is well known that the two terms in the nu- 
merator of Eq. 6 are very nearly equal. Consequent- 
ly, small changes in either of them may give rise to 
very large changes in the rate of wear. This is the 
principal reason for the notoriously poor repro- 
ducibility of wear experiments. 


Isothermal Steady-State Wear Between Identical 
Materials. Jf wear occurs isothermally, Eq. 6 be- 
comes 





dh 2 #Pl 
ae. reer 
— + pep 


in which 1// represents the term enclosed in braces in 
Eq. 6. An equation of this type has been proposed by 
Holm! and discussed by Burwell and Strang,” and 
by Archard.? As might be expected, it is necessary 
to introduce a very small coefficient on the right 
side in order to obtain reasonable agreement with 
experimental data.* 
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New Lining Material. A bulletin 
describing a new lining material 
that can be applied to inexpensive 
containers, tanks, pipes, etc., mak- 
ing them lighter than, superior to, 


and less expensive than, costly 
alloy metals is offered by The 
Garlock Packing Co., Palmyra, 
N. Y. The lining material is a 
laminate of Kel-F plastic fused 
and flowed into a glass fiber cloth 
backing. Conventional adhesives 
can be used to apply the laminate 
to practically any contoured sur- 
face, and it can be applied to large 
tanks and vessels right on-the-job 
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without moving them to an appli- 
cator’s shop. 


Revised Data Sheet Numerical 
Index. The National Standards 
Committee of ASTE has just an- 
nounced publication of a revised 
Data Sheet Numerical Index, 
adapted from the U. S. Standard 
Commodity Classification Sys- 
(Continued on p. 152) 
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W. Deutsch (The Aro Equipment Cor- 
poration), ASLE President-Elect for 
1956-57. 


Pittsburgh’s Golden Triangle 


Welcome! 


L. B. Sargent, Jr. (Aluminum Co. of 
America), Chairman of the 








ASLE 
Pittsburgh Section. 


AASLE With Aruuual Meeting & Exhibit 
Hotel William Penn, Pittsburgh, April 4-5-6, 1956 


On behalf of the Officers & Di- 
rectors of the American Society 
of Lubrication Engineers, wel- 
come to the 1lth Annual Meet- 
ing & Exhibit. We feel certain 
that each member, guest, and 
the companies they represent, will 
find the program and exhibits 
have been well worth the time and 
expense to attend. The Nation- 
al Program Committee, work- 
ing with the Technical Com- 
mittees, has arranged an ex- 
cellent program of the foremost 
speakers representing the prac- 
tical as well as the theoretical ap- 
proach to the lubrication science. 
The exhibits represent the latest 
products and equipment avail- 
able to modern industry. We are 
indebted to the Regional Vice- 
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Presidents, to the Pittsburgh Sec- 
tion, and to the Ladies’ Program 
Committee for their work in mak- 
ing the non-technical portions of 
the meeting both interesting and 
enjoyable to the members, guests, 
and the wives. The success of 
the 11th Annual Meeting has been 
possible through the unselfish 
contributions of many people. We 
sincerely hope you have been 
pleased with the results of these 
contributions, and that they have 
helped make each of you better 
qualified to carry out your respec- 
tive lubrication assignments. We 
further hope that you will plan 
now to join us again next year 
for the 12th Annual Meeting in 
Detroit. 

W. Deutsch 


On behalf of the Pittsburgh Sec- 
tion, a most hearty welcome is ex- 
tended to the 1ith Annual Meet- 
ing of the American Society of 
Lubrication Engineers. As your 
host, we are looking forward to 
making your visit a most enjoy- 
able and pleasant one. Those of 
us who have worked toward this 
end believe that the series of pro- 
grams will be suitable for all who 
attend. 

Pittsburgh people were very 
active in the early formative years 
of ASLE, and have continued in 
the forefront since then. The 
high concentration of metal-work- 
ing industries in this area has 
furnished a corps of people whose 
needs are being met by ASLE. 
This steel capitol of the United 
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States recognizes the urgency and 
importance of the problems with 
which the membership of ASLE 
is concerned. 

Your host Section is proud 
to be able to welcome you to a 
city reborn; to a city whose ef- 
forts in the past few years to 
eliminate unsightly blighted 
areas, to eliminate a smoke nui- 
sance, and to create bold designs 
in construction, have attracted 
the attention of the entire nation. 
You will be pleased at the results 
of our efforts in creating a Point 
Park, a Gateway Plaza, stainless 
steel-clad buildings, aluminum- 
clad buildings, an educational and 
medical center, and new industri- 
al research centers. Pittsburgh is 
second to none in steel-making, 
medical research, and industrial 
research. During your stay with 
us, we hope you have a chance to 
see and visit some of these. 

We sincerely trust that you 
will enjoy your visit to Pitts- 
burgh, and that the 11th Annual 
Meeting will be a pleasure and 
worth the time and effort which 
you all will make to be with us. 

L. B. Sargent, Jr. 





D. W. Sawyer (Aluminum Co. of 
America), Chairman of the ASLE Na- 
tional Program Committee. 


On behalf of the National Pro- 
gram Committee, we are certain- 
ly most happy to welcome you to 
the 11th Annual Meeting & Ex- 
hibit of the American Society of 
Lubrication Engineers. Our Com- 
mittee has planned a series of pa- 
pers of outstanding calibre, ar- 
ranged in unified sessions, and 
balanced to suit the needs of all. 
It is hoped that each of you will 
find this meeting both profitable 
and enjoyable. 

We of the National Program 


Committee wish to express our 
many thanks to the various Tech- 
nical Committee session organiz- 
ing chairmen, and papers repre- 
sentatives, for their fine coopera- 
tion in the planning and organiz- 
ing of the technical sessions. 

D. W. Sawyer 





Mrs. John Boyd, Chairman of the La- 
dies’ Program Committee. 


The Pittsburgh Section of ASLE 
welcomes the wives and guests 
attending the 11th Annual Meet- 
ing, and has planned a program 
to make their visit both interest- 
ing and entertaining. 
Registration for the wives 
will be held Wednesday morning, 
and the first activity will be 
luncheon, noon Wednesday, at 
The Carlton House, one of Pitts- 


Meeting of ASLE Board of Directors in Pittsburgh, January 19. 


burgh’s newest and most elab- 
orate apartment hotels. Follow- 
ing the luncheon, we have sched- 
uled a three-hour tour to include 
many highlights of the Pitts- 
burgh area such as the Gateway 
Center, the Block House (Old 
Fort Duquesne), Mt. Washing- 
ton, a ride on one of Pittsburgh’s 
inclines, Oakland Civic Center, 
Schenley Park, the Mesta Man- 
sion, Highland Park, North Side, 
Buhl Planetarium, and West 
Park. 

Thursday’s activities will be- 
gin with a tour of the H. J. Heinz 
Plant. There we will be shown 
how many of the famous Heinz 
products are manufactured, in- 
cluding: soup, spaghetti, mustard, 
beans, vinegar, and pickles. The 
ladies will have an opportunity 
to sample some of the well-known 
57 Varieties. 

Luncheon on Thursday will 
be held at the Horizon Room of 
the new Greater Pittsburgh Air- 
port. After lunch, we will take a 
guided tour of the airport and be 
shown many of the behind-the- 
scenes activities of one of the 
largest and finest airports in the 
country. 

On Friday morning a rare op- 
portunity to visit one of Pitts- 
burgh’s great steel mills will be 
provided. The tour will include 
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Houghton & Co. Standing, from left to right: J. D. Lykins (Director), Wheeling 
Steel Corp.; J. O. McLean (Eastern Vice-Pres.), Reynolds Metals Co.; E. D. 
Harkins, Sr. (Midwestern Vice-Pres.), The Farval Corp.; J. L. Finkelmann 
(Director), The Warren Refining & Chemical Co.; J. H. Fuller (Director) E. I. 
duPont deNemours & Co., Inc. 
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the open-hearth department of 
the Jones & Laughlin Steel Cor- 
poration. Low-heeled shoes and 
tailored clothes must be worn for 
this tour. 

No formal arrangements 
have been made for lunch on Fri- 
day. In the afternoon, a tour of 
the Nationality Rooms at the Uni- 
versity of Pittsburgh has been 
scheduled. 

Mrs. John Boyd 





National Program Committee. Seated, 
from left to right: C. R. Lewis (Stand- 
ard Oil Co.), Vice-Chairman; D. W. 
Sawyer (Aluminum Co. of America), 
Chairman; J. W. Hopkinson (Penn- 
Petroleum Corp.), ASLE President. 
Standing, from left to right: J. P. 
Critchlow (Gulf Oil Corp.), National 
Meeting Chairman; L. B. Sargent, Jr. 
(Aluminum Co. of America), Pitts- 
burgh Section Chairman; W. P. Young- 
claus, Jr.. ASLE Administrative-Sec- 
retary. 





“Opportunity Knocks for Lubri- 
cation Engineers,” by DeLoss 
Walker (pictured above), Guest 
Speaker for the ASLE Annual 
Meeting Banquet. Mr. Walker, 
internationally-known analyst and 
interpreter of economic trends, 
outspoken champion of produc- 
tivity, and forceful exponent of 
constructive action, has a message 
to help you obtain the opportuni- 
ties here today . . . action each 
Lubrication Engineer can take to 
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attain his personal goal. Mr. 
Walker’s background, after grad- 
uating from DePauw University 
(Greencastle, Ind.), includes work 
in China for the Chinese govern- 
ment, the operation of his own 
coal mines, presidency of a 


Pittsburgh Annual Meeting Committee. 


E. F. Houghton & Co. 





sales corporation, and government 
service in the War Production 
Board during World War II. He 
has been a contributor to various 
publications, and for several years 
was Associate Editor of “Liberty” 
magazine. 





Seated, from left to right: A. A. 
Raimondi (Arrangements Chrmn.), Westinghouse Research Labs.; D. W. Howard 
(Publicity Chrmn.), Gulf Research & Development Co.; J. P. Critchlow (Chair- 
man), Gulf Oil Corp.; Mrs. John Boyd, Ladies’ Program Chrmn.; G. L. Sumner, 
Jr. (Reception Chrmn.), Alemite Co. of Pittsburgh; M. Parker (Treasurer), 


Standing, from left to right: W. P. Youngclaus, Jr., 


ASLE Administrative Secretary; D. W. Sawyer (National Program Chrmn.), 
Aluminum Co. of America; W. L. Cowan (Vice-Chrmn.), American Oil Co.; 
L. B. Sargent, Jr. (Pittsburgh Section Chrmn.), Aluminum Co. of America; 
J. D. Lykins (Exhibits Arrangements Chrmn.), Wheeling Steel Corp. 








Section News 











BUFFALO, November ’55 meet- 
ing. D. A. Hall, Lubrication En- 
gineer for Eastman Kodak Co., 
presented a paper entitled “What 
ASTM Means to ASLE.” 

February. “Fuels & Lubri- 
cants for Plant Lift Trucks,” by 
N. T. Brenner, Product Applica- 
tion Engineer of the Gulf Oil 
Corp. 

March. “Plane Bearing De- 
sign & Lubrication,” by D. W. 
Spaulding, Application Engineer 
of Bunting Brass & Bronze Co., 
Inc. (Submitted by L. E. Locke, 
set y.) 


CHICAGO, January meeting. Dr. 
M. E. Merchant (former ASLE 
President), Assistant Director of 
Research for The Cincinnati Mill- 
ing Machine Co., presented a pa- 
per entitled “Metal-Cutting Flu- 
ids & Radioactive Cutting Tools.” 


February. Ladies’ Night; 
with W. F. Crummer, Illinois Bell 
Telephone Co., discussing “The 
Atom Bomb & I.” (Submitted by 
J. N. Waddell, Sec’y-Treas. ) 


DAYTON, October ’55 meeting. 
B. Dunham, Sun Oil Co., pre- 
sented a paper entitled “Compres- 
sor Lubrication.” 

January. (Joint meeting with 
the American Society for Metals) 
“Free Machining Steels & Ma- 
chinability from a Metallurgical 
Perspective,” by G. H. Enzian, 
Jones & Laughlin Steel Co. 

February. “Cutting Oils, 
Their Ingredients & Proper Ap- 
plication,” by M. S. Oldham, The 
Texas Co.; and “Fire-Resistant 
Hydraulic Fluids,” by H. Brad- 
ley, Socony Mobil Oil Co. 

April. “Electric Motor Anti- 
friction Bearing Lubrication,” by 
E. L. Young, Delco Products Div., 
GMC. (Submitted by A. H. Lip- 
ton, Sec’y.) 


FORT WAYNE, February meet- 
ing. M. A. Bigelow, assisted by 
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J. A. Burgess, both of the Chicago 
Division of Carbide & Carbon 
Chemical Co., presented a paper 
entitled “Fire-Resistant Hydrau- 
lic Fluids.” (Submitted by J. W. 
Buckner, Chrmn.) 


HOUSTON, January meeting. 
Election of Officers (see ASLE 
Directory). (Submitted by W. S. 
Nicholson, Sec’y.) 


INDIANAPOLIS, October ’55 
meeting. A. O. DeHart, Research 
Engineer for General Motors Re- 
search, presented a paper entitled 
“Bearings, Materials—Designs & 
Lubrication.” 

November. Plant Tour of 
the Chrysler Corporation. 

January. “Fire-Resistant Hy- 
draulic Fluids,” by J. B. Davis, 
Development Engineer of the 
Monsanto Chemical Co. 

February. “Cutting Fluids 
& Their Application,” by M. E. 
Merchant (former ASLE Presi- 
dent), Assistant Director of Re- 
search for The Cincinnati Milling 
Machine Co. 

March. “Preventive Mainte- 
nance by Means of Lubrication in 
Industrial Plants,” by D. M. 
Cleaveland, Lubrication Engineer 
of Bendix Aviation Corp. 

April 23. Plant Tour of the 
Bridgeport Brass Co. 

May 28. “Fuels, Lubricants 
& Highlights of the 500 Mile 


Race,” by R. G. McMahan, So- 
cony Mobil Oil Co. (Submitted 
by C. M. Marlatt, Sec’y-Treas.) 


LOS ANGELES, January meet- 
ing. L. D. Cobb, Manager of Re- 
search & Development for New 
Departure Div., GMC, presented 
a paper entitled “New Departure 
Ball Bearing Research Activi- 
ties.” 

February. “Lubrication Prob- 
lems of Gas & Air Compressors,” 


by H. P. Henderson, Worthing- 
ton Corp. 
March. “Gear Lubrication 


in the Steel Industry,” by J. P. 
Critchlow, Gulf Oil Corp. 

April 10. “Oil Seals—His- 
tory, Design & Application,” by 
M. K. Gebert, Chief Research En- 
gineer for National Motor Bear- 
ing Co. 

May 8. “The How & Why 
of Ball Bearing Lubrication,” by 
D. F. Wilcock, General Electric 
Co. (Submitted by R. F. Con- 
nelly, Publicity Chrmn.) 


N. CALIFORNIA, January meet- 
ing. L. D. Cobb, Manager of Re- 
search & Development for New 
Departure Div., GMC, presented 
a paper dealing with the design, 
testing, and application of in- 
tegrally sealed bearings, entitled 
“New Departure Ball Bearing Re- 
search Activities,” highlighted by 
a film entitled “Accuracy to N® 


Degree” concerning the manufac- 
turing of bearings as produced by 
New Departure. 

February. “Lubrication Prob- 
lems of Gas & Air Compressors,” 
by H. P. Henderson, Western 
District Engineer for Compres- 
sors & Engines, of the Worthing- 
ton Corp. (Submitted by A. C. 
West, Sec’y.) 


PITTSBURGH, January meet- 
ing. R. Guy, Lubrication Engi- 
neer for Detroit Transmission 
Div., GMC, presented a paper en- 
titled “General Motors’ Lubrica- 
tion Standards.” (Submitted by 
S. W. Settle, Publicity Chrmn. ) 


TWIN CITIES, January meet- 
ing. H. Ridder, National Petro- 
leum News, presented a paper 
entitled “Automotive Gas Tur- 
bines.” (Submitted by C. D. 
Johnson, Sec’y.) 


WHEELING, February meeting. 
L. B. Sargent, Jr., Aluminum Co. 
of America, presented a paper 


entitled “Industrial Lubrication 
Laboratories.” 
March. A “Stump the Ex- 


perts” session, with W. S. Fuhr 
(Pittsburgh Consolidated Coal 
Co.), J. P. Critchlow (Gulf Oil 
Corp.), and D. E. Whitehead 
(Crucible Steel Co. of America) 
as panelists. (Submitted by S. J. 
Litten, Sec’y-Treas.) 











Personals 














IN MEMORIUM. Neil I. White- 
ley (an ASLE Sectional Sustain- 


ing Member since 1947, and for- 
mer Chairman of the ASLE 
Cleveland Section), American 
Steel & Wire Co., Cleveland, 
Ohio, died December 4, 1955, fol- 
lowing a brief illness. 


W. Deutsch, ASLE President- 
Elect, has been appointed Manag- 
er of Industrial Sales of The Aro 
Equipment Corporation in Bryan, 
Ohio. 

C. N. Norgren, Executive 
Vice-President of the C. A. Nor- 
gren Co., Englewood, Colo., has 
been elected Ist Vice-Chairman 
of the National Council of Profit 
Sharing Industries, and Vice- 
President of the Manufacturers 
Association of Colorado. 

The Warren Refining & 
Chemical Co., Cleveland, Ohio, 
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has announced the appointment 
of J. J. Ferrie as Sales Representa- 
tive for its lubricating division in 
northern New Jersey, with head- 
quarters in North Bergen. 

W. A. Brown, Jr., former 
President of The Liquid Carbonic 
Corp., has been appointed Gen- 
eral Manager of the Alemite & 
Instrument Division of Stewart- 
Warner Corp., Chicago, III. 

E. F. Houghton & Co., Phila- 
delphia, Pa., has announced the 
appointments of S. J. Barber as 
Manager of the Metalworking 
Products Dept., and C. G. Wall as 
Supervisor of Metalworking Re- 
search. 

J. H. Moran has been ap- 
pointed Manager, Marine Sales 
Division, of The Texas Co., New 
York City. 
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Annual Meeting Authors 











Pictured below and on the following four pages are 
the Authors and/or Co-Authors of the papers to be 
presented at the 11th Annual Meeting of the Ameri- 
can Society of Lubrication Engineers. Hotel William 
Penn, Pittsburgh, April 4-5-6. 1956. Abstracts of 
papers to be presented, except for those arriving too 
late to meet publication deadlines. follow this sec- 
tion; they do not necessarily represent the final 
opinions of the authors and are subject to revision 
when the complete papers are published. 





J. S. Aarons A. W. Ackerman 
U. S. Steel Corp. F. E. Anderson Oil Co., Inc. 





A. A. Anderson F. E. Anderson R. S. Barnes R. S. Barnett 
General Mills, Inc. F. E. Anderson Oil Co., Inc. Standard Oil Co. (Ind.) The Texas Co. 





R. O. Bolt R. C. Bowers J. Boyd E. W. Brennan 
California Research Corp. U. S. Naval Research Lab. Westinghouse Research Labs. The Pure Oil Co. 





L. C. Brunstrum D. B. Burroughs J. T. Burwell, Jr. A. L. Busby 
Standard Oil Co. (Ind.) J. A. Roebling’s Sons Corp. Horizons, Inc. Armour Research Foundation 
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J. G. Carroll A. E. Cichelli 


E. P. Cochran, Jr. L. F. Coffin, Jr. 
California Research Corp. Bethlehem Steel Co. 


New York Naval Shipyard 


General Electric Co. 





‘~m 


R. L. Cottington D. W. Criddle 
U. S. Naval Research Lab. 





G. T. Coker, Jr. H. V. Cordiano 
Shell Oil Co. 


New York Naval Shipyard California Research Corp. 









T. F. Davidson 


A. Dorinson 
Wright Air Dev. Center 


W. E. Duckworth M. Z. Fainman 
Sinclair Research Labs., Inc. 


The Glacier Metal Co., Ltd. Standard Oil Co. (Ind.) 





i-Ming Feng M. R. Fenske C. D. Flemming 
Bendix Aviation Corp. 


C. K. Fotopoulos 
Socony Mobil Oil Co., Inc. 


The Pennsylvania State Univ. University of Nebraska 
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C. E. Francis S. X. Gereombe D. Godfrey T. E. Hughes | 
Shell Oil Co. U. S. Naval Postgraduate California Research Corp. The Morgan Engineering Co. 


School 





W. M. Keller E. E. Klaus J. J. Kolfenbach P. W. Kuhns 


Assoc. of American Railroads The Pennsylvania State Univ. Esso Research & Engrg. Co. NACA, 
Lewis Flight Prop. Lab. 








ae ae 


F. H. Langenfeld R. H. Leet H. L. Leland C. T. Lewis 
Monsanto Chemical Co. Standard Oil Co. (Ind.) Esso Research & Engrg. Co. Republic Steel Corp. 





F. F. Ling E. H. Loeser M. F. Madarasz J. E. Mayer, Jr. 
Carnegie Inst. of Technology Chrysler Corp. Ford Motor Co. U. S. Army 
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E. E. McClung A. Miller 


W. H. Millett R. G. Moyer 
VanStraaten Chemical Co. Armour Research Foundation 


Carbide & Carbon The Pure Oil Co. 
Chemicals Co. 





ay 
J. J. O’Connor R. O’Halloran 
McGraw-Hill Publishing Co. Esso Research G Engrg. Co. 





S. A. Paradee G. L. Pigman 
Archer-Daniels-Midland Co. Armour Research Foundation 






Oe, 
H. Pivnick 
University of Nebraska 





E. Rabinowicz A. A. Raimondi L. R. Sabina 
Massachusetts Inst. of Tech. Westinghouse Research Labs. University of Nebraska 





€. Saibel R. Samuel-Maharajah M. C. Shaw E. E. Shipley 
Carnegie Inst. of Technology University of Nebraska Massachusetts Inst. of Tech. General Electric Co. 
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H. J. Sneck, Jr. 
Rensselaer Polytechnic Inst. 





D. M. Teague 
Chrysler Corp. 





J. H. Way 
Wright Air Dev. Center 





W. A. Zisman 
U. S. Naval Research Lab. 
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B. Sternlicht L. H. Sudholz D. Tabor 
General Electric Co. Socony Mobil Oil Co., Inc. Stanford Research Institute 





T. M. Thomas S. B. Twiss F. C. Wagner 
U. S. Naval Research Lab. Chrysler Corp. Horizons, Inc. 


i 
oe ee 
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R. N. Weltmann P. J. Willson R. J. Wolfe 
NACA, Chrysler Corp. New York Naval Shipyard 
Lewis Flight Propulsion Lab. 





New ASLE Jewelry Available 


Lapel pins and tie clasps featuring the new insignia, 
gold detail on a blue background with white lettering, 
are now available through the local Sections or National 
Office. The lapel pin is also being offered as a free 
premium to all members getting a new member. De- 
tails are available through the Sections or National 
Headquarters. 





Pei ae 


See the new jewelry at the annual meeting in Pittsburgh. Lapel Pin $1.50 
Tie Clasp $3.50 
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Annual Meeting Abstracts 











The following abstracts of papers to be presented at the 
1956 ASLE Annual Meeting, Hotel William Penn, Pitts- 
burgh, April 4-5-6, are published herewith for general in- 
formation and to stimulate discussion at the meeting. 


Analysis Of Equilibrium Operating Temperatures Of Rail- 
road Journal Bearings, by G. L. Pigman (Armour Research 
Foundation) & W. M. Keller (Assoc. of American Rail- 
roads). A graphical method of analysis is described for 
determining equilibrium operating temperatures of railroad 
journal bearings under various practical operating condi- 
tions. The method utilizes existing laboratory data describ- 
ing friction characteristics of the railroad bearing, friction 
properties of the waste pack lubricator, and heat dissipa- 
tion characteristics of the bearing assembly. These data 
are placed in convenient form and combined graphically to 
determine conditions of heat balance and the corresponding 
equilibrium oil film temperatures. Application of this meth- 
od of analysis is found to provide convenient and valuable 
means for evaluating the effect of individual operating pa- 
rameters upon railroad journal bearing performance. In 
particular, it is found that thermally unstable operating con- 
ditions exist where the bearing temperature tends to in- 
crease in an uncontrolled manner. In specific examples of 
use of this method, it is shown that particularly unfavorable 
combinations of operating conditions exist, within a range 
possibly encountered in railroad service, where thermally 
stable operation of the bearing cannot be obtained at high 
ambient air temperatures of about 100 F. Other examples 
show that increased bearing cooling, and reduction or elimi- 
nation of waste pack friction, provide significant decrease 
in bearing operating temperature, and reduce the extent of 
the unstable operating regions. Reduction of oil viscosity, 
while also reducing the normal operating bearing tempera- 
ture, increases the extent of the unstable region where bear- 
ing failure potentially can occur. 


Appraisal Of Rolling Oil Testing, An, by S. A. Paradee 
(Archer-Daniels-Midland Co.). Work done in both this 
country and abroad is discussed with the end purpose being 
to clarify to some extent the thinking on this subject. Graphs 
and charts are shown to illustrate the types of testing al- 
ready completed and new bench test methods. The reasons 
for need of development of laboratory technique is discussed 
at some length. Some of the variables in requirements of a 
suitable product are pointed out. While the paper does not 
deal with the rolling of ferrous or non-ferrous metals spe- 
cifically, the variables encountered in cold rolling all metals 
are shown. One of the problems concerning protective an- 
nealing atmospheres is touched on, and actual gas analyses 
taken during an annealing cycle are shown. The paper is 
one which should prove of interest not only to the lubrica- 
tion engineer but also to operating personnel. 


Aqueous Fire-Resistant Hydraulic Fluids, by W. H. Millett 
(Carbide & Carbon Chemicals Co.). This paper is a review 
of the properties and performance characteristics of the 
aqueous-base, fire-resistant hydraulic fluids that are being 
widely used in industrial hydraulic equipment. It includes 
a brief historical summary of the development that led to 
the introduction of these products to industry, as well as a 
review of pertinent literature. Such properties as fire re- 
sistance, viscosity, corrosion protection, effect on seals and 
packings, wear resistance, solvent effects, and vapor pressure 
are discussed, and are related to overall hydraulic fluid prop- 
erties. The importance of good maintenance practices is em- 
phasized, and recommended procedures for installing aque- 
ous fluids in hydraulic systems are outlined. The paper also 
discusses suitable methods for maintaining these fluids in 
service. 
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Assessment Of Automobile Bearing Performance From 
Field Tests, The, by W. E. Duckworth & P. G. Forrester 
(The Glacier Metal Co., Ltd., England). The conditions 
to which bearings are subjected in service include wide 
variations in load and temperature, presence of abrasive 
particles and complex cycles of starting, stopping, idling, 
and resting. These conditions are practically impossible to 
simulate in laboratory tests. The results of such tests can- 
not, therefore, be directly applied in practice, although they 
give valuable fundamental information. On the other hand, 
data from general service experience is difficult to obtain 
and frequently unreliable. This gap can be filled by con-, 
trolled service tests, in which test bearings are fitted in 
standard vehicle engines operating under normal conditions. 
The test bearings and crankshaft are subjected to careful 
measurement for observing wear, and to close examination 
for qualitative assessment of results. By testing similar 
bearings in two different positions in the same engine, and 
by repeating test designs in different engines, the statistical 
significance of observed differences can be assessed and 
have reliable comparisons between materials obtained. In- 
formation on factors giving rise to high wear figures can 
also be obtained. Examples of test results are given. 


Boundary Lubrication Studies Of Typical Fluoroesters, by 
R. C. Bowers, R. L. Cottington, T. M. Thomas & W. A. Zis- 
man (U. S. Naval Research Lab.). The boundary lubricat- 
ing and wear preventive properties of some new fluorinated 
diesters, which offer many advantages as high-temperature 
lubricants, have been investigated. These diesters were syn- 
thesized from aliphatic dibasic acids and nearly completely 
fluorinated alcohols. Friction and wear measurements were 
obtained using a “stick-slip” apparatus and a four-ball wear 
machine at temperatures from 77 to 400 F. The rubbing 
surfaces included hard steel, soft steel, and bronze. Fluoro- 
esters containing typical anti-wear or oiliness additives were 
also studied. For comparative purposes results obtained 
with the familiar unfiuorinated diester, bis(2-ethylhexyl) 
sebacate, are included. The frictional properties of the two 
classes of diesters did not differ sufficiently to be of prac- 
tical significance. However, the fluoroesters had better wear 
preventive properties, especially at higher temperatures. 
Friction was markedly reduced by the addition of one per- 
cent stearic acid to either type of diester. The addition of 
two percent tricresyl phosphate was more effective in the 
fluoroester as an antiwear agent for hard steel on hard steel; 
approximately the same low wear rates were observed at 
140, 266, and 400 F. The boundary lubricating ability of the 
fluoroesters, and their excellent response to conventional 
additives, invite their application as primary ingredients of 
stable high-temperature oils and greases. 


Capillary Viscometry Of Lubricating Grease, by L. C. Brun- 
strum & R. H. Leet (Standard Oil Co. of Ind.). Detailed 
knowledge of the viscosity or flow resistance of grease is 
necessary in attacking practical and theoretical problems. 
Measurement of flow rates and pressures through capil- 
laries is not difficult but, because of the complex nature of 
the flow, interpretation of results is. Interpretation may be 
made mathematically in four ways: The commonest is the 
ASTM method, which prescribes the apparatus but ignores 
several recognized inaccuracies; the observations are treat- 
ed as though grease were a fluid, and lead to an “apparent 
viscosity”. Another way, which may be applied to ob- 
servations from many capillary viscometers, leads to vis- 
cosity at the capillary wall only; the results do not differ 
greatly from “apparent viscosity.” A third way calculates 
values for yield value and mobility, on the premise that 
grease flows like a Bingham plastic; tables of dimensionless 
constants simplify the calculations. A fourth way takes a 
theoretical approach and determines an equation from flow 
data through Eyring’s relaxation theory for viscous flow. 
The choice depends upon the problem. For specifications 
and empirical relations in lubrication problems, “apparent 
viscosity” and viscosity at the capillary wall may be used. 
Yield value and mobility could be used for calculating pres- 
sure drops in pipes as well as for specifications. Eyring’s 
equation may permit correlating flow behavior with suc! 


135 





factors as size, shape, weight, distribution, and surface 
properties of thickener particles. 


Chemical Machining & Grinding Fluids, by A. W. Acker- 
man & F. E. Anderson (F. E. Anderson Oil Co., Inc.). This 
paper presents a general theory of water-based cutting 
fluids and their function in metal working. A description 
and evaluation of the chemical, physical, and allied proper- 
ties of the new chemical or synthetic cutting fluids is given. 
A revised and up-to-date Cutting Fluid Classification Table 
is included. The paper will discuss “solutions” and “emul- 
sions,” and will compare the chemical and conventional 
fluids on the basis of laboratory measurements of their cool- 
ing, anti-weld, and anti-wear characteristics. Changes in 
tooling or grinding wheels associated with the use of these 
fluids are described. Some industrial applications are dis- 
cussed. 


Concentration Effects Of Cutting Oil Additives In Per- 
formance Evaluation, by A. Dorinson (Sinclair Research 
Labs., Inc.). Performance tests, which included single- 
point lathe turning, orthogonal planing, and tapping, dem- 
onstrated the concentration-dependent activity of additives 
in cutting oils. From the parallelism of the relation be- 
tween cutting speed and chip-tool interface temperature de- 
veloped by Trigger and Chao, and the relation between 
cutting speed and tool life developed by Taylor, it was 
shown that the slope of the Taylor equation could be in- 
terpreted as the logarithmic temperature coefficient of tool 
life. With the aid of this interpretation, a hypothesis was 
constructed for the mechanism of cutting oil action, which 
involves the temperature-activated reaction of additive with 
metal. The observed phenomena of tool wear in the pres- 
ence of a cutting oil will depend on the inter-relations, both 
in kind and quantity, between wear by metal to metal con- 
tact, and wear by chemical reaction with the additive. Tool 
life results obtained by turning tests, surface finish obtained 
by planer tests, and torque observed in tapping tests are 
discussed in the light of this hypothesis. 


Crane Inspection, by T. E. Hughes (The Morgan Engineer- 
ing Co.). A bottom view of electric overhead traveling 
cranes is about the only one that the vast majority of their 
users have ever seen. The maintenance men are the only 
people who really get to know this workhorse of industry. 
It is remarkable how far beyond original design expectations 
the overhead crane has performed, when it is considered 
how seldom major crane alterations have accompanied in- 
creased capacity of the equipment it services. There comes 
a time, however, when a comprehensive look at the crane 
condition cannot be avoided. In 1952 the author’s company 
offered to industry the services of a survey team, equipped 
to properly inspect all types of cranes and to make recom- 
mendations based on their findings. It is hoped that the 
techniques of this team will be of interest to all who are 
planning a program of rehabilitation for E.O.T. cranes. 


Current Research In The Bacteriology Of Soluble Oil Emul- 
sions, by H. Pivnick, L. R. Sabina, R. Samuel-Maharajah & 
C. K. Fotopoulos (University of Nebraska). Pathogenic 
bacteria of the typhoid fever type grow in soluble oil emul- 
sions containing indigenous pseudomonads. After several 
weeks in the emulsion, the pathogens are still virulent. Some 
soluble oils containing disinfectants allow as much growth 
of micro-organisms as oils without disinfectants. Several 
disinfectants recommended for addition to the emulsion are 
of no use in controlling bacterial growth. Soluble oil emul- 
sions vary in their susceptibility to oxidation by a single 
species of bacteria, while different bacteria vary in their ca- 
pacity to oxidize a single soluble oil. Some emulsifiers are 
more readily oxidized than others. Many common hetero- 
trophic bacteria in oil emulsions are able to convert sulfur 
or thiosulfate to sulfide. Studies of the taxonomy and physi- 
ology by bacteria from soluble oil emulsions indicate that 
several previously unreported species are present. Some of 
these organisms possess unusual methods of metabolism. 


Design & Testing Considerations Of Lubricants For Gear 
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Applications, by E. E. Shipley (General Electric Co.). From 
a gear engineer's point of view, a good lubricant should 
have the following characteristics: (1) be readily available, 
(2) have low cost, (3) have good lubricity, (4) have low 
volatility, (5) have good thermal stability, (6) have good 
oxidation stability, (7) have good hydrolytic stability, and 
(8) have good viscosity—temperature characteristics. In 
general terms, the oil supply for any given gear design 
need not have all of the above characteristics, but the lu- 
bricant must perform the functions of satisfactorily lubricat- 
ing the gear mesh to prevent wear and scoring, control the 
gear blank temperatures, and adequately serve as a lubricat- 
ing medium for the bearings. In effect, the lubricant has 
become a constructural gear material. Gears fail in service, 
generally, from pitting of the gear teeth, breakage of the 
gear teeth, long range wear, and scoring. Wear and scoring 
are quite closely related to the lubricant, and the problem 
breaks down into three parts: (1) determining methods of 
evaluating the phenomena of wear and scoring on gear 
teeth, (2) determining methods of evaluating lubricants to 
find out their limits in terms of wear preventions and scor- 
ing prevention, and (3) determining methods of construct- 
ing new oils with the qualities needed to take full advantage 
of the lubricant as a constructional material. Laboratory 
personnel applied the radioactive technique of gear testing 
to the wear and scoring problems, as well as making theo- 
retical investigation into the mechanisms of film lubrica- 
tion. In addition, fundamental work was undertaken in the 
synthesis of new lubricants having outstanding wear and 
scoring resistance. Most of the company’s work to date 
has been carried on with the following test equipment: Shell 
4-Ball Wear Tester, Shell EP Tester, lubricated roll test- 
ing machine, Timken Wear Testing Machine, gear testing 
apparatus (4 square), and radioactive gear testing apparatus. 


Discussion Of The Heat Treater’s Problem In Quench 
Medium Selection, A, by C. R. Weir (Commonwealth In- 
dustries, Inc.). This paper shows how the factors of dis- 
tortion, alloying materials, and hardenability must be con- 
sidered by the heat treater in his selection of a proper quench 
medium. It also shows, for purposes of illustration, the 
use of isothermal transformation diagrams and cooling 
curves obtained from water, so-called normal quenching oils, 
and from fast quenching oils in such solutions. The paper 
concludes with an attempt to give the criteria for an ideal 
quench medium from the heat treater’s point of view. 


Disposal Of Soluble Oil Wastes, The, by E. E. McClung 
(VanStraaten Chemical Co.). The disposal of soluble oil 
wastes is covered by Federal, state, municipal, and other 
laws and regulations. As industry expands, the amount of 
industrial wastes will increase and the controls will become 
more rigid. Before disposal of wastes into state waters, 
and this includes soluble oil wastes, state laws require that 
permits must be obtained from the appropriate state regu- 
latory body. The permits stipulate in parts per million, 
the maximum amount of oil allowable in the final water 
from split soluble oil waste, if such water enters state waters. 
The regulatory body issuing the permits usually has the 
authority to set these maximum amounts according to the 
volumes of soluble oil wastes and local conditions involved. 
A description of one method is given, which uses aluminum 
sulfate for splitting and calcium hydroxide for clarification 
of the final waste water. This method is being successfully 
used by some industrial plants for their soluble oil waste 
disposal and is meeting permit requirements. Results of 
laboratory runs on three different types of soluble oils are 
given, which field results confirm, and indicate what may 
be expected when this method is used. 


Dynamic Demulsibility Characteristics Of Oils, by E. W. 
srennan & R. G. Moyer (The Pure Oil Co.). The methods 
currently used to determine the demulsibility characteristics 
of circulating oils are quite empirical and afford little or no 
correlation with actual field performance. The Dynamic 
Demulsibility Apparatus constitutes a realistic approach, as 
it permits the evaluation of demulsibility characteristics es- 
sentially under field conditions. Data obtained by the con- 


LUBRICATION ENGINEERING, March-April, 1956 





Biches ania 





ventional methods and by Dynamic Demulsibility Test using 
a variety of lubricants are presented. The data indicate 
the test to be of value to both the research and the con- 


sumers. 


Effect Of Engine Operation On Synthetic Gas Turbine Lu- 
bricants, by J. H. Way & T. F. Davidson (Wright Air Dev. 
Center). End application usage and its effect on lubricant 
performance is one of the most important environmental 
factors confronting the lubricant. In the case of aircraft 
gas turbines, the effect operation has on the lubricant’s basic 
properties determines to an extent lubricant drain period 
and maintenance procedures and intervals. Data is given 
for six MIL-L-7808 type oils representing commonly used 
base stocks, showing the effect advance gas turbine opera- 
tion had on these lubricant’s properties. All Specification 
MIL-L-7808 properties, as well as specific heat and dielec- 
tric constant changes, are discussed as a function of operat- 
ing time. Gas turbine operation creates some startling 
changes in the lubricant’s basic properties, some being ap- 
parent improvements and others decidedly detrimental. 


Electron Diffraction In Lubrication Research, by D. God- 
frey (California Research Corp.). Electron diffraction is 
the most useful technique in revealing information on the 
nature of a surface. This paper reviews the contributions 
of electron diffraction in the field of lubrication research, 
and points out the important aspects of the technique as it is 
applied to this field. The theory of diffraction by crystals, 
specimen preparation, and pattern interpretation are cov- 
ered. Examples of diffraction patterns from friction sur- 
faces are presented. 


Equilibrium Distribution Of Transfer Fragments, The, by 
E. Rabinowicz (Massachusetts Inst. of Tech.). During 
sliding, fragments are continually torn off one surface and 
transferred to the other. The final stages of this process 
are examined, and it is shown that two possible states of 
equilibrium exist, depending on the tightness of bonding 
of the transferred fragments. If the fragments are fairly 
loose, each surface normally retains its original configura- 
tion to a large extent; but if the fragments are tightly held, 
one surface often becomes completely covered by fragments 
of the other. A variety of experimental data is examined, 
and good agreement with the derived equations is found. 


Evaluation Of Anti-Scuff Properties Of Oils, by D. M. 
Teague, E. H. Loeser, P. J. Willson & S. B. Twiss (Chrys- 
ler Corp.). A description is given of a bench-type lubricant 
tester for the study ot metal scuff under combined sliding 
and rolling contact, with cyclic variation of load including 
the extreme-pressure range. The tester consists essentially 
of four spring-loaded tappets riding under complete lubrica- 
tion conditions on rotating cams. The tester reproducibly 
differentiates between lubricating oils in accordance with 
their E.P. properties. The scuffing of a hardenable iron 
tappet riding on a cast iron cam is delayed by a run-in at 
moderate load, or by the use of an oil containing a small 
percentage of the additive, zinc dialkyl dithiophosphate. A 
run-in with a zinc dialkyl dithiophosphate oil protects the 
parts against scuff when a non-additive oil is used subse- 
quently. The geometry of the mating parts has an effect 
on the incidence of scuff and is, therefore, held fairly con- 
stant. Oil viscosity, within the 10 W to SAE 30 range, has 
no effect on the incidence of scuff. Several processes may 
operate to prevent scuff. This study points up the mating of 
rubbing parts through controlled wear as an important 
mechanism in scuff prevention. 


Evaluation Of Anti-Wear Properties Of Oils, by S. B. 
Twiss, E. H. Loeser & D. M. Teague (Chrysler Corp.). A 
lubricant tester, designed for the study of metal scuff under 
combined sliding and rolling contact with cyclic variation of 
load, can be used to evaluate wear before scuffing occurs. 
The applied spring-loading of this cam and tappet-type test- 
er is increased in equal increments. The changes in the 
surface contour and roughness of the mating parts is fol- 
lowed by making proficorder and profilometer traces at 
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various intervals during the run. The wear of the cam 
and tappet test pieces is calculated from the proficorder 
traces; the loss in weight of the tappet is determined also. 
In general, the wear appears to be rapid during the early 
part of a run and moderates as the run progresses, in spite 
of the fact that the applied load is being increased. The 
addition of 0.75 percent of a chemically active additive, zinc 
dialkyl dithiophosphate, to the oil increases the wear of the 
cast iron cam several fold, but appears to have less effect 
on the hardenable iron tappet wear. The wear of the cam 
varies directly with the amount of this additive in the oil. 
This increased wear, however, is too small to adversely 
affect the operation of an automotive valve train. 


Experimental Investigation Of Railroad Journal Bearing 
Operating Characteristics, by G. L. Pigman & A. L. Busby 
(Armour Research Foundation). Measurements were made 
of the coefficient of journal friction and oil flow through the 
bearing for successive stages of seating of 6-in. by 11-in. 
babbitt railroad journal bearings. Such data were obtained 
with the initial bearing radial clearance varying from 0.003- 
in. to 0.250-in. representing a range encountered in railroad 
practice. It is shown that the performance characteristics 
of the babbitt bearing do not change significantly with 
further wear after a seating width of about 2-in. is estab- 
lished. The time required to obtain this minimum seating 
width is increased with use of large initial clearance. A 
minimum coefficient of journal friction of about 0.003 is ob- 
tained at a ZN/p value of 4 with a full seated bearing. Fric- 
tion and oil flow data are compared with values computed 
from theory, as based both upon assumed existence of nega- 
tive pressures in the bearing oil film and upon assumed oc- 
currence of cavitation in the oil film. It is shown that meas- 
ured data agree reasonably closely with computed values 
based upon oil film cavitation, whereas the theoretical fric- 
tion curve based upon negative oil film pressures shows 
considerable deviation for conditions of large bearing load- 
ing. It is indicated from the measured and computed data 
that minimum friction occurs at a minimum oil film thick- 
ness of about 0.0002 in. 


Grease Flow In Shielded Bearings, by R. O’Halloran, J. J. 
Kolfenbach & H. L. Leland (Esso Research & Engrg. Co.). 
Grease as an entity flows quite freely between the bearing 
proper and the shielded bearing service. This transfer of 
grease between shields and bearing occurs even with highly 
channeled greases. This study suggests that proposed 
mechanisms for grease lubrication, which state that lubrica- 
tion is affected only by oil bleeding from the soap-sponge, 
are not covered for the 204-type bearings examined. Tech- 
niques and results are given. 


Grinding Temperatures, by J. E. Mayer, Jr. (U.S. Army) & 
M. C. Shaw (Massachusetts Inst. of Tech.). The several 
types of temperatures that are of interest in grinding opera- 
tions are discussed, and it is concluded that the temperature 
at the very surface is the one of major interest with regard 
to crack formation and surface damage. Apparatus is de- 
scribed for measuring the temperature of a freshly ground 
surface by means of a photoconducting lead sulfide cell and 
an oscilloscope. The experimentally-observed surface tem- 
peratures were found to vary in the same way with chip size 
as calculated temperatures based on specific grinding energy. 
Both water- and oil-base fluids were found to significantly 
reduce surface temperatures over dry grinding. Oil-base 
materials were found to give slightly lower temperatures 
than water-base materials due to the superior lubrication 
action of the oils more than offsetting their relatively poorer 
cooling action. 


High-Temperature Lubricant Studies, by E. E. Klaus & 
M. R. Fenske (The Pennsylvania State Univ.). The need 
to operate some hydraulic fluids and lubricants at increas- 
ing temperatures (above 400 F.) emphasizes the need for 
basic studies in the 500-700 F. range. First it was necessary 
to develop reliable test procedures and techniques covering 
the measurement of viscosity, lubricity, corrosion, and oxi- 
dation and thermal stability at temperatures of 500-700 F. 
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Several fluids were evaluated in this manner. These fluids 
are representative of the different chemical classes, such as 
silicones, silicates, hydrocarbons and mineral oils, diesters, 
and halogenated aromatic hydrocarbons. It was found that 
the property differences between the various types of fluids 
at 500-700 F. were much narrower than exist in the 200-350 
F. range. Data are presented showing the inadequacy of 
extrapolating 200-350 F. data as a means of predicting per- 
formance at 500-700 F. The behavior of fluids and lubri- 
cants in the 200-350 F. range has been quite well defined in 
recent years for the materials used in this study. How- 
ever, there is a paucity of information at 500-700 F. This 
paper attempts to remedy somewhat this situation. 


Investigation Of Oil Additives For Boundary Lubrication 
Of Railroad Journal Bearings, by A. Miller (Armour Re- 
search Foundation) & A. A. Anderson (General Mills, Inc.). 
The boundary friction properties of the lubricated system 
of steel sliding on lead-base babbitt were investigated as a 
phase of the Association of American Railroads’ sponsored 
project on freight car hot boxes. A friction pendulum was 
developed for determining the coefficients of boundary fric- 
tion as a function of temperature with the specified metals 
lubricated with various lube oil additive blends. A group 
of general relationships dealing with additives for the steel- 
babbitt system was developed. It is concluded that the ex- 
treme pressure agents containing sulfur or chlorine are gen- 
erally unsuited for railroad journal bearing use. Lubricity 
additives which function by simple physical adsorption were 
found to be ineffective at moderate or high temperatures 
existing in railroad operations. Those lubricity additives 
which chemisorb to metal surfaces and form a close-packed 
layer were found to be effective anti-friction agents. 


Lubrication Engineer Surveys Steel Mill Gearing, A, by 
A. E. Cichelli (Bethlehem Steel Co.). Long, uninterrupted 
gear life for such periods as ten or even twenty years is the 
dream of every maintenance engineer in the steel industry. 
Such longevity has been experienced, but in this era of 
higher speeds and loads, similar good records are less likely 
to be attained. This paper reviews numerous examples of 
gear units in service in steel mills, analyzing their perform- 
ance in the light of facts as they were found. The author 
points out that many cases of gear failure attributed to poor 
lubrication were actually due to design factors. 


Lubrication In The Presence Of Nuclear Radiation, by 
R. O. Bolt & J. G. Carroll (California Research Corp.). 
Some effects of pile radiation on the lubrication of bearings 
and gears have been investigated. Three special lubricants, 
shown from previous studies to have unusual radiation sta- 
bility, were used. Apparatus of two types was operated at 
285 F. in a nuclear pile. Motor-driven journal bearings 
were run at 80 rpm through a gear train. Air turbines sup- 
ported by ring-oiled ball bearings were operated at about 
10,000 rpm. Each test was duplicated in the absence of 
radiation. Radiation damage markedly shortened the useful 
life of the lubricants. 


Mechanism Of “Free” Rolling Friction, by D. Tabor (Cam- 
bridge Univ., & Stanford Research Inst.). This paper deals 
with the origin of the resistance to motion observed when 
a sphere or cylinder rolls freely over a solid surface. With 
metals the rolling in the initial stages usually involves plas- 
tic deformation, and the major part of the rolling friction is 
due to the plastic displacement of material ahead of the 
rolling element. With repeated traversals of the surface, 
an equilibrium state is reached in which plastic flow comes 
to an end, and the deformation is essentially elastic. Rolling 
friction in the elastic range is of considerable importance, 
since it is probable that ball or roller bearings, in practice, 
operate under these conditions. Earlier workers attributed 
rolling friction to microslip at the rolling interface. The 
present study shows that such microslip, in general, con- 
tributes only a trivial part to the observed rolling resistance. 
It is suggested that the major part arises from elastic hy- 
steresis losses within the metals themselves. This would 
explain the observation that the rolling resistance is scarce- 
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ly affected by the presence of boundary lubricants. How- 
ever, lubrication can produce an appreciable diminution in 
the amount of metallic transfer and wear. It is concluded 
that under conditions of free rolling there is little “conven- 
tional” friction. The new point brought out is the large 
part played by hysteresis losses in the rolling resistance. 


New Retainer Materials For Aircraft Gas Turbine Bearings, 
by F. C. Wagner & J. T. Burwell, Jr. (Horizons, Inc.). A 
study of the wear behavior of several classes of potential 
cage materials for aircraft gas turbine bearings was con- 
ducted, using a special wear testing machine to simulate 
roughly the projected service conditions of such bearings. 
The tests were made at temperatures up to 800 F., at a 
surface rubbing speed of about 400 feet per second, and 
were lubricated by oil jets directed against the rubbing in- 
terface. The materials were tested in rubbing contact with 
a toolsteel disk, and were evaluated on the basis of (1) their 
wear rates as a function of temperature, (2) the tendency 
to cause vibration in the machine, and (3) the extent to 
which metal transfer to and scoring of the toolsteel disk oc- 
curred. It was found that: (a) Several heterogenous alloys 
containing silver as a soft, low shear strength phase showed 
superior wear properties to “S” Monel and _ iron-silicon 
bronze, even when silver-plated. The latter alloys were 
used as reference cage materials. (b) The hard, load-sup- 
porting phase showing the most promise was a nickel base 
with additives of borides, silicides, or carbides. (c) The 
materials showing the best wear properties were most ef- 
ficiently fabricated by powder metallurgy techniques, utiliz- 
ing the infiltration method for adding the silver. 


Numerical Solution Of Reynolds’ Equation For Sector 
Thrust Bearings, by B. Sternlicht (General Electric Co.) & 
H. J. Sneck, Jr. (Rensselaer Polytechnic Inst.). Computer 
technique was employed for the solution of Reynolds’ equa- 
tion in cylindrical coordinates. The equations were set up 
in dimensionless form and then transformed into difference 
equations. By process of iteration, using the IBM 650 
Digital Computer, solutions of load-carrying capacity and 
flow of thrust bearings were obtained. The variables con- 
sidered were film shape, viscosity, and velocity. When- 
ever possible, solutions were checked against existing mathe- 
matical solutions. A comparison between Michell’s exact 
solution, Saibel’s exponential solution, and iterative solu- 
tion is included in table and figure. 


On A Criterion Of Cutting Velocity In Metal Machining, 
by E. Saibel & F. F. Ling (Carnegie Inst. of Technology). 
The conventional model of orthogonal cutting with type 2 
chip is modified to include the effect of deformation of the 
work-piece at the immediate vicinity of the tool-tip. The 
cutting velocity conditions for optimal force of deformation 
is examined in the light of two alternate criteria: recrystal- 
lization temperature and melting temperature. It is shown 
that a critical cutting velocity exists. Furthermore, it is 
concluded, in part, that proper metallurgical treatment 
and/or preheating the work piece (hot machining) will im- 
prove cutting. 


Problems In Hydrodynamic Lubrication, by E. K. Gat- 
combe (U. S. Naval Postgraduate School). This paper pre- 
sents a short discussion and analysis of three common lu- 
brication problems, namely: (1) gear tooth lubrication, 
(2) thrust bearing lubrication, and (3) sleeve bearing lu- 
brication. The hydrodynamic theory itself is discussed. 
The assumptions and limitations of the theory are discussed 
as the theory is applied to the analysis of these problems. 
The analyses show that reasonable film thicknesses, film 
pressures, etc., exist in each of these applications, as has 
been demonstrated in actual tests. 


Solution For The Finite Journal Bearings And Its Applica- 
tion To Analysis & Design, A, by A. A. Raimondi & J. Boyd 
(Westinghouse Research Labs.). An extension of the au- 
thors’ previous work on the analysis and design of journal 
bearings. Numerical solutions have been obtained for finite 
journal bearings of various arcs and having length-to-diame- 
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ter ratio equal to one. Data have been put in chart and table 
form enabling rapid calculation of performance characteris- 
tics. Typical bearing design examples are included which 
illustrate the facility with which theoretical calculations can 
be made. 


Spray & Drip Methods Of Applying Lubricant To Wire 
Rope, The, by D. B. Burroughs (J. A. Roebling’s Sons 
Corp.). In recent years more and more wire rope users in 
many fields have become aware of the increased safety and 
operating benefits gained by lubricating wire rope in serv- 
ice. The development of new and improved lubricants has 
enabled users to get effective rope lubrication by the rela- 
tively easy spray and drip methods of application. At the 
present time a number of major wire rope installations use 
either of these methods for semi-automatic or completely 
automatic lubrication of wire rope. Mine hoists, elevators, 
tramways, and earth moving equipment are just a few such 
installations. Lubricants with widely varying characteristics 
have done much to make the spray and drip methods 
adaptable for use on most types of equipment. Additives 
that give lubricant special properties have proven of great 
value in facilitating application as well as improving rope 
service. 


Study Of Combustion-Resistant Hydraulic Fluids As Ball 
Bearing Lubricants, A, by H. V. Cordiano, E. P. Cochran, 
Jr., & R. J. Wolfe (New York Naval Shipyard). When 
used as flood lubricants, phosphate ester, phosphate ester- 
base, and water-glycol base combustion-resistant hydraulic 
fluids significantly reduce the life of angular contact ball 
bearings below that obtained with petroleum oil. Under 
a lighter bearing load, the fluids retain the same order of 
merit as that found for a heavy load. At moderately high- 
er fluid temperatures, bearing life is further reduced. The 
pressure viscosity relations of the fluids at different tem- 
peratures have also been determined for possible correla- 
tion with the results of bearing tests. Other related studies 
have also been made for the purpose of seeking the cause 
for the reduction in life of bearings lubricated with com- 
bustion-resistant hydraulic fluids. 


Surface Film Thickness & Boundary Lubrication, by I-Ming 
Feng (Bendix Aviation Corp.). The thickness of a surface 
film when it just exceeds the average depth of plastic rough- 
ening is of critical importance. If the load is kept constant, 
the average depth of plastic roughening does not change. 
When the thickness of the surface film approaches and 
finally becomes greater than the critical valve, the weaken- 
ing of the interlocking effect of the plastic roughening 
causes rapid decrease in wear, and ultimately reduces wear 
to practically zero. The average depth of roughening in- 
creases with load. If the film thickness is kept constant, 
rapid rise of wear will occur when the critical film thick- 
ness is exceeded due to increased load. This paper will also 
include experimental data directly verifying these conclu- 
sions. 


Surface Viscosity & Elasticity Of Lubricating Oils, by 
D. W. Criddle (California Research Corp.). Some addi- 
tives alter the surface viscosity and elasticity of a film of 
lubricating oil. These surface properties are readily meas- 
ured at oil-air and oil-water interfaces with a torsion pen- 
dulum surface viscometer. Viscosity and elasticity data at 
oil-air and oil-water interfaces are summarized. New data 
are presented for sorbitan sesquioleate at several oil-water 
interfaces. A discussion is given of the significance of sur- 
face viscosity and elasticity in foaming, in emulsion stabili- 
ty, and in boundary Iubrication. 


Synthetic Ester Lubricants With Improved Lubricity & 
Thermal Stability, by M. Z. Fainman & R. S. Barnes (Stand- 
ard Oil Co. of Ind.). Synthetic esters have properties that 
make them good lubricants under conditions too severe for 
mineral oils. Raw materials for synthesis are available on a 
large scale from petroleum sources. Early research in Ger- 
many led to commercial production mostly from polyhydric 
alcohols and monobasic acids. Development in Britain and 
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the U.S.A. concentrated on esters derived from monohydric 
alcohols and di-basic acids. Lubricants with particularly 
good properties can be made from polyhydric alcohols and 
monobasic acids. Polyols derived from neopentane have no 
hydrogen atoms on the betacarbon atom, and give esters of 
improved thermal stability. Straight-chain monobasic acids 
give good lubricity. Such esters improve the lubricity of 
silicone oils as well as mineral oils. 


Tapping Test For Evaluating Cutting Fluids, The, by C. D. 
Flemming & L. H. Sudholz (Socony Mobil Oil Co., Inc.). 
A tapping test is described wherein torque measurements, : 
when compared with a standard, are used as a means of 
evaluating cutting fluids. Typical test results, and trends 
in metal cutting efficiency based on the characteristics of 
the fluids, are shown. Discussion is given to indicate the 
correlation with field service data in the more severe ma- 
chining operations. Interpretation of test results are some- 
what limited with respect to types of metals and machining 
operations. However, this test provides a rapid, economical, 
and sufficiently accurate means of evaluating cutting fluids 
for most uses. 


Transition Temperature For Surface Damage In Sliding 
Metallic Contact, A, by L. F. Coffin, Jr. (General Electric 
Co.). In an earlier paper it was observed that in inert at- 
mospheres two distinct kinds of repetitive sliding occurred 
for metallic couples. These were categorized: (a) sliding 
by shear, and (b) sliding by welding. Mode (a) was ob- 
served to occur for non-alloying couples, and was typified 
by relatively low coefficient of friction, a smooth and rela- 
tively small contact area on the slider, and a narrow and 
smooth wear track on the mating disk; whereas mode (b) 
occurred for alloying couples, and was identified by high 
coefficient of friction, a large and abraded contact area on 
the slider, and similar damage to the wear track. The pres- 
ent paper considers the effect of liquid atmosphere and tem- 
perature on the repetitive sliding alloying couples, par- 
ticularly copper-copper, copper-nickel and nickel-nickel. A 
transition temperature is observed for the various liquids 
tested, below which sliding by shear, mode (a), is observed, 
and above which mode (b) form of sliding takes place. The 
transition is very sharp with temperature, and is found to 
be repetitive as the temperature is raised or lowered through 
the critical range. Thus the “damage” introduced, by slid- 
ing for prolonged periods above the critical temperature, can 
be “repaired” by continuing the sliding at temperatures be- 
low the critical by value. The significance of such variables 
as speed of sliding, normal load, kind of fluid, and kind of 
metal on the critical temperature are investigated, and a 
mechanism for the phenomenon is proposed based on sur- 
face diffusion effects. 


Treatment Of Oil Wastes From Machining Plants, by M. F. 
Madarasz (Ford Motor Co.). A large increase in oil con- 
sumption has resulted from industrial expansion. Prior to 
treatment of oil waste, installation of individual oil pans 
around machines can substantially reduce oil losses. Other 
conservation measures, such as “good housekeeping” and 
a continued preventive maintenance program, can result in 
(1) lower oil consumption, (2) quantities of oil waste re- 
quiring treatment, and (3) reduction in waste treatment 
facility size. Filtration and sedimentation can successfully 
be applied to cutting, honing, and emulsified oils. Eff- 
ciency of filtration and sedimentation can be affected by 
substituting oils. Data showing efficiency of various filtra- 
tion and sedimentation are tabulated. Sources of oil wastes 
are washers, cutting, grinding, and lubricating operations. 
Sizing of a waste treatment plant can be determined by 
water consumption for washers, emulsified oil requirements, 
and inventory records. Described is a waste treatment plant 
treating 1,000 gallons per minute of continuous oil waste 
water with variations of 200 to 40,000 parts per million of 
oil. Effluent of the waste treatment plant does not exceed 
10 parts per million of oil and 10 parts per million of sus- 
pended solids. Similar treatment plants are being con- 
structed for new Ford Motor Company operations where 
machining is done. 
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Use Of An Automatic Viscometer For The Study Of Lu- 
bricant Flow, The, by R. N. Weltmann & P. W. Kuhns 
(NACA, Lewis Flight Prop. Lab.). This paper will at- 
tempt to analyze the flow behavior of some lubricants, from 
programmed flow curves of rate of shear versus shearing 
stress, and from curves of shearing stress versus time. These 
curves were obtained over an extended range of shear, 
under fully controlled shear and time conditions, and at 
various constant temperatures. The necessity of having 
such curves for a meaningful analysis of the flow behavior 
of lubricants, which are shear- and time-dependent, will be 
discussed. The automatic rotational viscometer that is 
used to obtain these curves will be described. This vis- 
cometer has provisions for continuously varying the speed 
at a constant rate, for automatically recording the instan- 
taneous values of torque and speed, and for programming 
the flow curves to be taken. The range of the instrument 
permits shearing stresses from 50 to 250,000 dynes/cm’, 
rates of shear from 0 to 4000 sec’, and viscosity measure- 
ments from .05 to about 60 poises for 4000 sec”. 





Where We Stand On Fire-Resistant Turbine Fluids: A 
Progress Report, by J. J. O’Connor (McGraw-Hill Publish- 
ing Co.). For many years power men have been making 
sporadic attempts at finding a turbine lubricant that was 
really fire-resistant. In the spring of last year, interest in 
the subject was revived when chemical manufacturers and 
one oil supplier agreed that materials on hand showed dis- 
tinct promise. Field tests were run on turbine-driven boiler 
feed pumps; results to date look good with a few reserva- 
tions. There is much concern about the possible harmful 
effect of such materials on generator windings. Feasibility 
of protecting existing generator windings against the fire- 
resistant fluids is being studied. The author will present a 
timely progress report on who in the country is working 
with fire-resistant turbine fluids at present, what materials 
show promise, what problems must still be licked, the eco- 
nomic advantage to the power industry when suitable F-R 


fluids are adopted. 


New Products 














Aviation Maintenance Equipment. 
Pre-control of a desired volume 
automatically is possible using 
meters now being supplied for 
equipment designed for servicing 
aircraft. Shown are two of the 
units manufactured by Garsite 
Products, Inc., Seaford, N. Y.. 
utilizing meters manufactured by 
the Granberg Corp. of Oakland, 
Calif.. under the trade name 
“Granco.” The first unit is a 150 
gpm Airport Hydrant Refueling 
Cart with a hydraulic shock elimi- 
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nator. The second unit is an avia- 
tion pneumatic lube oil dispenser 
containing an 80-gallon capacity 
tank. Delivery at the nozzle is 
11 gallons per minute. 


New Morehouse Mill Line. A 
new improved line of Morehouse 
Mills for the process industries 
has been announced by More- 
house-Cowles, Inc., national dis- 
tributors for Morehouse Mills 
and Cowles Dissolvers. All mod- 
els of the advanced Morehouse 
line feature new handwheel ad- 
justment with micrometer setting 
and positive lock, magnetic swirl 
arrester that reduces splash and 
removes tramp metal, built-in 
stop that indicates time for stone 
replacement, new easier time- 
saving method for head and stone 
removal and replacement, and an 
external grease fitting. (More- 
house-Cowles, Inc., LE-12/2, 1150 
San Fernando Road, Los Angeles 
65, Calif.) 


Hydraulic Accumulator. by ac- 
curately storing up energy dur- 
ing selected time of cycle, large 
expensive electric motors and 
electrical controls are eliminated 
and replaced by small, economi- 
cally operated motors, The John 
S. Barnes Corp. has designed and 
patented an Accumulator featur- 
ing a unique diaphragm which is 
only flexed, never stretched, and 
operates indefinitely without loss 
of pre-charge pressure supplied 
by either nitrogen or regular air 
under pressure. Typical of its 
many uses are traversing mecha- 
nisms, indexing turrets for high- 
speed lathes, clamping and ac- 


3arnes Corp., LE-12/2, Roc 
ford, Ill.) 


tuating devices of all types. (J. S. 
k- 


All-Purpose Absorbent. An _ in- 
dustrial floor absorbent said to 
soak up more than its own weight 
in oil, greases, and other fluids, 
has been recently developed under 
the trade name “Pickup.” Unaf- 
fected by heat or cold, this ab- 
sorbent’s low density per cubic 
foot provides absorption of oil, 
greases, water, and acids; being 
chemically neutral, it will not in- 
jure personnel or equipment. 
Manufacturer reports the absorb- 
ent to have been approved by Un- 
derwriter’s Laboratory and to be 
safe for use on industrial floor 
surfaces. (The Diversey Corp., 
LE-12/2, 1820 Roscoe St., Chi- 
cago 13, II.) 


Disposable Wipers. A new and 
smaller size wiper for industrial 
use has been introduced by the 
Scott Paper Co. Designated “No. 
58,” the new wiper is a two-ply 
sheet measuring 95¢ x 10% 
inches. According to the manu- 
facturer, advantages from the 
new product will permit solution 
to problems of high unit cost, ex- 
pensive handling, erratic perform- 
ance, shrinkage, pilferage, and 
laundry losses from other meth- 
ods. (Scott Paper Co., LE-12/2, 
Chester, Pa.) 


Template Kit. A new matched 
set of five reversible templates 
for drawing general layouts or 
details of any valving and piping 
system has been devised which 
contains all American Standard 
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symbols, has provisions for new 
or special symbols, and is 
claimed to be the most com- 


plete diagramming outfit de- 
vised for such work. At least 


5000 commonly used pipe, fit- 
ting, and valve diagrams can be 
pencil drawn with great accuracy 
by using the cut out symbols on 
the templates singly or in combi- 
nations. Layouts can be made 
for any fluid or gaseous processes 
such as pipelining, refining, pump- 
ing, pneumatic, hydraulic, plumb- 
ing, heating, refrigeration, steam, 
high pressure, drainage, sprink- 
ler, and vacuum. All are made 
of rigid, non-glare vinyl. (A. 
Lawrence Karp, LE-12/2, 16 Put- 
nam Park, Greenwich, Conn.) 


Bonding Cement. A new solvent 
cement for joining polyvinyl chlo- 
ride (PVC) pipe fittings and 
flanges has been announced that 
makes possible a joint as strong 
or stronger than the pipe, and is 
capable of bridging a greater dia- 
metral gap than any previously 
available bonding agent. The 
new cement permits solvent weld- 
ing of any SPI approved piping 
of PVC. (Tube Turns Plastics, 
Inc., LE-12/2, Louisville 11, Ky.) 


Nylon Pressure Tubing. A new, 
specially processed, flexible ny- 
lon tubing, trademarked “Nyla- 
flow,” will be shown by The Poly- 
mer Corp. of Pennsylvania at the 
1956 ASLE Annual Meeting & 
Exhibit. Nylaflow tubing has 
been used successfully as a con- 
veyor for air, gas, and liquids. 
Lincoln Engineering Co. first in- 
troduced it to the lubrication field 
with their Multi-Luber push but- 
ton lubrication system for auto- 
mobiles. It has since been engi- 
neered for hydraulic, air, vacuum, 
fuel, and oil lines. Labeled a 
“pressure” tubing because of its 
outstanding burst rating per unit 
weight, it exhibits high resistance 
to flex and vibrational fatigue, 
abrasion and impact resistance, 
and lightness and convenience in 
handling. New technical infor- 
mation will be available to assist 
engineers in applying this new 
tubing to their requirements. Ac- 
tive demonstrations will be pre- 
sented. (The Polymer Corp. of 
Pa., 125 N. 4th St., Reading, Pa.) 


Synthetic Lubricant. A product 
that dissolves instantly in any 
kind of water to make a clear, 
thin, odorless lubricant that has 
good wetting properties, excep- 
tional heat absorbing and con- 
vection properties, and that gives 
positive protection against rust 
has recently been developed by 
the Harry Miller Corp. The 
product, called “Hami-Kleer No. 
1391,” helps increase tool life 
because of exceptional lubricity 
and anti-weld properties, and it 
facilitates all metal-working op- 
erations on all ferrous metals in- 
cluding cast iron and cast steel. 
The lubricant cannot decompose, 
turn rancid during use, or affect 
workers’ skin. In addition, it will 
not gum, become tacky or foam, 
and can be run down drains with- 
out special treatment if oils do not 
get into the mixture. Since there 
are no oils present in the lubri- 
cant, grinders and reservoirs re- 
main clean and sweet-smelling at 
all times, and it is said that fine 
surface finish is assured because 
tool and work are constantly kept 
cool and clean. For grinding 
steel, stainless, alloys, ete., the 
dilution is 1:40 up to 1:70, For 
other metal-working operations 
the average dilution is 1:30 with 
water. For cutting, grinding, and 
hydrostatic testing cast iron, steel, 
or cast steel, the average dilution 
is 1:20 up to 1:70. (Harry Miller 
Corp., LE-12/2, 4th & Bristol Sts., 
Phila., 40, Pa.) 





Lubrication 
in the News 











SALUTE TO E. G. ACHESON. 
In tribute to the memory of Dr. 
Edward Goodrich Acheson, the 
100th anniversary birthday of the 
founder of Acheson Colloids Co., 
Port Huron, Mich., was celebrat- 
ed by the closing of the Com- 
pany’s plants and offices on 
March 9. The importance of this 
date to the entire world is indi- 
cated by two simple references: 
Webster's New International 
Dictionary reads “Acheson, Ed- 
ward Goodrich. American I[n- 
ventor. (Carborundum.) —1856- 
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1931; and the other, made on 
Acheson’s death by another 
American inventor, Thomas A. 
Edison, “As a former associate I 
know the world loses a great 
genius.” 

Acheson’s first great inven- 
tion was silicon carbide which he 
called “Carborundum,” a_ hard 
abrasive material that worked so’ 
well in metal-shaping that it was 
one of the major contributing fac- 
tors in the growth of mass pro- 
duction, responsible for America’s 
industrial and agricultural revo- 
lution. 

Later, Acheson’s genius 
made an equally great contribu- 
tion with the discovery of a proc- 
ess to manufacture graphite. This 
material, one of Nature’s softest 
solids, was made by Acheson with 
extremely high temperatures by 
a process similar to that which 
gave him silicon carbide. 

From his experiments with 
graphite, came Acheson's discov- 
ery of a method to render it col- 
loidal. Colloidal graphite dis- 
persed in water was first prepared 
in 1906. Shortly afterwards, a 
colloidal graphite dispersion in 
petroleum oil appeared. Together 
they opened a new era in indus- 
trial lubrication, and secured Dr. 
Acheson’s role as one of the pio- 
neers of our modern industrial 
world. 


Improved Chemical & Petroleum 
Research to Result from New 
Distillation Method. A new tech- 
nique which reportedly surpasses 
present-day distillation efficien- 
cies, has been announced by the 
Gulf Oil Laboratories. Called 
gas-liquid partition chromatog- 
raphy, the technique is based on 
a phenomenon of physical chem- 
istry only recently introduced to 
practical use by English  scien- 
tists. 

Gas-liquid partition chroma- 
tography quickly separates gases 
and liquids whose boiling points 
are so close that present-day dis- 
tilling columns either cannot take 
them apart, or require weeks for 
the separation. Only trace 
amounts are required for analy- 
sis, thus conserving costly re 
search materials and permitting 
analysis of quantities too small 
for distillation methods. The ap- 
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FORCE FEED LUBRICATORS 
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than doing without them! 
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Pressure Application — Exact Amounts — Accurately Timed 


* Manzel Force Feed Lubricators quickly 
save their cost by preventing breakdowns due 
to faulty or forgotten lubrication — by reduc- 
ing the quantity of lubricants used — and by 
eliminating the labor of hand oiling. They 
keep vital parts properly lubricated for un- 
interrupted production efficiency round the 
clock. 

You can have Manzel Force Feed Lubricators 
installed on present equipment or engineered 
into new machinery. Write for information. 


Professionally qualified engineering 
representatives throughout the country. 


DIVISION OF 
ah HOUDAILLE INDUSTRIES, INC. 


273 BABCOCK ST., BUFFALO 10,N. Y. 











paratus employed can be de- 
scribed as a long thin tube filled 
with a granular powder which is 
coated with an oily substance. 
The tube is maintained at con- 
stant temperatures up to 300 F. 
Samples to be studied are injected 
with a hypodermic needle into 
the chromatographic tube. Part 
of the fluid being studied goes 
into solution with the oily matter 
on the grains, and the rest be- 
comes a gas in the spaces between 
the grains. By introducing a 
“carrier gas” into the tube, the 
gas in the spaces is forced ahead; 
additional matter comes out of 
solution into the voids between 
the grains, and is in turn moved 
forward by the “carrier gas.” The 
process is continuous so long as 
the supply of “carrier gas” is 
maintained. Different components 
of the material under study move 
down into the tube at different 
rates because each displays a dif- 
ferent equilibrium between its 
soluble phase in the oily material 
and its gaseous phase in the 
spaces between grains. As each 
component emerges from the end 
of the tube, it is detected by a con- 
ventional thermal conductivity 
cell and identified on the basis of 
its transit time through the tube. 
Under the conditions described, 
the various compounds in a mix- 
ture can be made to move forward 
in a tube at different speeds and 
thereby easily separated at the 
end. 

Fisher Scientific Co., Pitts- 
burgh, Pa., will produce a com- 
mercial Gas-Liquid Partition 
Chromatography unit. Data on 
the new instrument can be ob- 
tained through Fisher. 


Centralized Lubrication. A cen- 
tralized lubrication system for 
cars, trucks, buses, tractors, or 
any vehicle or equipment having 
an internal combustion engine, 
and which automatically delivers 
a controlled, measured amount of 
lubricant to as many as thirty lu- 
brication points or bearings each 
time the engine is started, has 
been announced by the Alemite 
Division of the Stewart-Warner 
Corp., Chicago, IIl. 

’ The system consists of a vacu- 
um-operated pump from which 
tubing carries lubricant to a posi- 


142 LUBRICATION ENGINEERING, March-April, 1956 





— REL no 








tive displacement measuring 
valve located at every bearing. A 
single-line terminating system, it 
is energized whenever the igni- 
tion of the car is turned on and 
the engine is started. An indi- 
cating light on the instrument 
panel glows while the system 
cycles; if it fails to light, it indi- 
cates to the driver that there is a 
fault in the system — a broken 
line or lack of lubricant in the 
reservoir. 

In installing the system, 
measuring valves are substituted 
for fittings at all lubrication 
points requiring a 1%” P.T. fitting. 
Where drive or rivet-type hydrau- 
lic fittings are used, a measuring 
valve with a compression-type 
nut and sleeve is fastened to the 
hydraulic fitting. 

Lubricant lines are of nylon 
tubing having a 2,500 psi burst; 
a varnished fibre glass sleeving 


protects the nylon tubing from 
abrasion. The vacuum pump 
which supplies lubricant to the 
lines provides 500 psi pressure at 
the end of the line. Positive dis- 
placement measuring valves at 
every bearing deliver .003 cubic 
inches of either oil or Type 0 
grease. The output of the pump, 
on each stroke, is sufficient to 
serve 30 valves on a single sys- 
tem. The single-line terminating 
system is factory-filled with lu- 
bricant to eliminate air pockets. 
The lubricant reservoir of the 
pump has an indicator to show 
the level of lubricant, which is 
supplied in 8 oz. cans. 

Under normal operating con- 
ditions, the only attention the 
Alemite system requires is replen- 
ishment of lubricant supply, as 
indicated at the pump or by fail- 
ure of the light on the instrument 
panel to glow when the engine is 
started. 








Lubrication 
Abstracts 











(This is the fourth in a series of ab- 
stracts of translations of Foreign arti- 
cles on lubrication, by Henry Brutch- 
er. Copies of the full translations are 
available, at the indicated prices, by 
writing Mr. Brutcher at P.O. Box 157, 
Altadena, Calif.) 


Influence of Different Conditions of 
Drawing upon Die Pull Ratio & Me- 
chanical Properties of Steel Wire, by 
F. Schwier; “Stahl und Eisen,” Vol. 
61, 1941; 14 figs., 2 tables, 10,100 words. 
Report on extensive experiments on 
wire drawing conducted entirely under 
conditions of practice. Steels studied: 
.06% C, .40% C, and .60% C steels. 
Experimental procedure and results. 
Influence of lubricant and other fac- 
tors on ratio of theoretical or actual 
die pull and mechanical properties of 
wire, taking into consideration differ- 
ent drawing speeds. Lubricants stud- 
ied: powdered soap, drawing grease 
compounded of tallow and castor oil, 
rapeseed oil, straight castor oil, ma- 
chine oil, straight tallow, and straight 
wax. (Order No. 1111, Price $12.60) 


Commercial Production of New 
Chrome-Aluminum Steels with the Use 
of Master Alloys, by I. Kornilov & V. 
Mikheyev; (Kharkov) “Stal,” Vol. 10, 
1940; 4 figs., 4 tables, 4,900 words. 
Commercial production of Cr-Al steels 


of special purity by use of Cr-Al mas- 
ter alloys and a CaO-MgO-Al.Os slag. 
Commercial production of a series of 
Cr-Al steels; trial melts in a 110-lb. 
basic h.f. furnace. Composition of 
steels melted . .. cold drawing proper- 
ties; best lubricant. (Order No. 1254, 
Price $6.10) 


Influence of Lubricant on Power Re- 
quirements in the Drawing of Carbon 
Steel Wire with Tungsten Carbide 
Dies, by A. Pomp & A. Koch; “Mit- 
teilungen,” K. W. Institut Eisenfor- 
schung, Vol. 13, No. 22, 1931; 7 figs., 
1,400-word abstract. Investigation of 
effect of various lubricants on power 
requirements in the drawing of 0.06 
and 0.53% C steel wire under condi- 
tions of practice. Experimental set- 
up and procedure. Lubricants tested: 
powdered soap, rapeseed oil, mineral 
wire-drawing oil (M20), soda grease, 
and lime grease. Deformation effi- 
ciency (ratio of theoretical to actual 
die pull X 100%) as function of en- 
trance angle of die hole, with the dif- 
ferent lubricants. Evaluation of per- 
formance of the lubricants tested. 
Causes of scoring of wire. Effect of 
drawing speed on power requirements 
and occurrence of scoring. (Order No. 


1663, Price $2.10) 


Strain Hardening of Aluminum Dur- 
ing Cutting in Inactive and in Surface- 
Active Cutting Fluids, by N. A. Plete- 
neva, L. A. Shreiner & P. A. Rebinder; 
“Doklady Akademii Nauk SSSR,” Vol. 
62, No. 5, 1948, pp. 653-655; 2 figs., 1 
table, 1,000 words. Study of action of 
surface-active additives in cutting fluid 
in the cutting of metal, and of the part 
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UCON 


Trade-Mark 


FLUIDS AND 
LUBRICANTS 


(polyalkylene glycols and derivatives) 


have properties that 


MAKE A 
DIFFERENCE 


High viscosity indexes 
Low pour points 
Excellent lubricity 
Non-carbonizing 
Sludge resistant 
Non-corrosive to metals 
Unusual solvent action 
Negligible effect 

on rubber 
Wax-free 
Sulfur-free 


Non-toxic 


Ucon Fluids and Lubricants 
are supplied in both water- 
soluble and water-insoluble 
series—with or without ad- 
ditives. Viscosities range from 
50 to between 60,000 and 
90,000 S.U.S. at 100°F. 

Yes, Ucon Fluids and Lu- 
bricants are different — and 
their properties can make a 
difference in your equipment, 
processes, or formulations. 
Write today for complete 
information. 


CARBIDE 


AND CARBON 
CHEMICALS 


Carbide and Carbon 


Chemicals Company 
A Division of 

Union Carbide and Carbon Corporation 

30 East 42nd Street, New York 17, N. Y. 


UCC) 


“Ucon” is a registered trade-mark of UCC. 
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played by strain hardening. Metal used 
in study: annealed aluminum. Numeri- 
cal data on relation between concen- 
tration of surface-active substance 
(stearic acid, palmitic acid) in cutting 
fluid and degree of strain hardening, 
and on variation of cutting work as a 
function of the depth of hole drilled, 
with and without surface-active addi- 
Nature of effect of strain hard- 


tives. 
ening in drilling with inactive and 
active cutting fluids. (Order No. 


2405, Price $1.75) 


On the Importance of Activated Liquid 
Lubricants-Coolants in the Deep Draw- 
ing of Metals, by S. Ya. Veiler & L. A. 
Shreiner; “Zhurnal Tekhnicheskoi Fizi- 
ki,” Vol. 19, No. 1, 1949, pp. 84-87; 2 
figs., 2 tables, 1,800 words. New meth- 
od for evaluating the lubricating value 
of surface-active lubricating-cooling 
liquids, as used in deep drawing met- 
als. Factors contributing to lowering 
of drawing force, with use of surface- 
active lubricants. Results of study and 
conclusion. (Order No. 2449, Price 
$3.35) 


Effect of Nature of Metal upon Easing 
the Cutting Process by Adsorption, by 
G. I. Epifanov, P. A. Rebinder & L. A. 


Shreiner; “Doklady Akademii Nauk 
SSSR,” Vol. 64, No. 5, 1949, pp. 879- 
880; 1 table, 1,050 words. Influence 


of propensity of metals to strain hard- 
ening upon softening effect of surface- 
active media (adsorption) in plastic 
deformation including cutting. Ex- 
perimental arrangement and procedure. 
Metals studied: (1) aluminum, copper, 
2) zinc, tin, cadmium, and (3) bronze, 
cast iron. Surface-active agents used 
in this study: heptanol, cetyl alcohol, 
caprylic and palmitic acids. Numeri- 
cal data on cutting work, layer thick- 
ness removed, and drill torque for 
aluminum, zinc, and bronze. Conclu- 
sions as to nature of effect of cutting 
fluid with surface-active additives. 
(Order No. 2454, Price $1.90) 


Phosphate Coating as an Aid in the 
Shaping of Steel, by A. Durer, “Archiv 
Eisenhuttenwesen,” Vol. 20, Nos. 9 & 
10, 1949, pp. 305-312; 9,500 words. Up- 
to-date review of subject, including a 
great deal of hitherto unpublished data. 
Technological significance of phos- 
phate coating in non-cutting shaping 
operations. Reduction of frictional 
forces and wear. Resulting advan- 
tages. Possible use of low-priced lu- 
bricants. Constitution of phosphate 
coatings, their chemistry and physical 
characteristics. Behavior of phosphate 
coatings in shaping and exact nature 
of their action. Interaction between 
phosphate coating and lubricant, wet- 
tability characteristics, reaction with 
soap solutions. Application of phos- 
phating in such shaping processes as 
wire drawing, and specific require- 
ments to be met. How to test phos- 
phate coatings for their suitability in 
shaping operations. Method for meas- 
uring the degree of coverage. (Order 
No. 2557, Price $16.65) 





Patent Abstracts 











(Compiled by Ann Burchick, Alumi- 


num Co. of America.) 


Mineral Oil Composition Containing 
an Improved Hydrocarbon-Phosphorus 
Sulfide Reaction Product, Patent No. 
2,712,528 (M. W. Hill & R. H. Jones, 
assignors to Esso Research & Engi- 
neering Co.) A mineral oil containing 
in the range of about 0.001 to 20% of 
a product obtained by reacting about 
1 molecular proportion of a phosphorus 
sulfide with 2 to 5 molecular propor- 
tions of a hydrocarbon material and 
further reacting the acidic product thus 
formed with 0.1% to 50% of its weight 
of a hydrocarbon containing at least 
one olefinic double bond. 


Treatment of Alkaline Earth Metal 
Petroleum Sulfonates, Patent No. 2,- 
713,034 (E. W. Clarke, W. Schreiber & 
P. D. Kneeland, assignors to The At- 
lantic Refining Co.) A method for 
producing purified oil solutions of 
barium sulfonates which comprises 
neutralizing a Mid-Continent crude dis- 
tillate boiling within the lubricating 
oil range that has been treated with 
concentrated sulfuric acid with a 
barium compound and thereafter treat- 
ing the resulting oil solution of barium 
sulfonates, resins, and high and low 
viscosity index hydrocarbon oil com- 
ponents with an aqueous isopropyl 
alcohol solution containing between 20 
and 30 per cent water in a multi-stage 
extraction unit, utilizing between 2 and 
3 volumes of aqueous isopropyl alcohol 
for each volume of oil solution, and 
separately recovering an extract layer 
composed primarily of the aqueous iso- 
propyl alcohol solution, resins, and the 
low’ viscosity index hydrocarbon oil 
components and a raffinate layer com- 
posed primarily of the barium sulfon- 
ates and the high viscosity index hydro- 
carbon oil components. 


Treatment of Alkaline Earth Metal 
Petroleum Sulfonates, Patent No. 2,- 
713,035 (E. W. Clarke, assignor to The 
Atlantic Refining Co.) A method for 
producing purified oil solutions of 
barium sulfonates which comprises neu- 
tralizing with a barium compound a 
Mid-Continent crude distillate boiling 
within the lubricating oil range that has 
been treated with concentrated sulfuric 
acid and thereafter treating the resulting 
oil solution of barium sulfonates, resins, 
and high and low viscosity index hydro- 
carbon oil components with an aque- 
ous methyl ethyl ketone solution con- 
taining between 0.5 and 7.0 per cent 
water in at least two extraction zones, 
utilizing between 2 and 3 volumes of 
aqueous methyl ethyl ketone for each 
volume of soil solution and separately 
recovering an extract layer composed 
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primarily of the aqueous methyl ethyl 
ketone solution, resins, and the low vis- 
cosity index hydrocarbon oil com- 
ponents, and a raffinate layer com- 
posed primarily of the barium sulfon- 
ates and the high viscosity index hy- 
drocarbon oil components. 


Method of Making Alumina Con- 
taining Catalysts, Patent No. 2,713,037 
(C. N. Kimberlin, Jr., assignor to Esso 
Research & Engineering Co.) A proc- 
ess for preparing silica-alumina cata- 
lyst adapted for conversion of hydro- 
carbon oils, which comprises providing 
an anhydrous solution of an aluminum 
alcoholate, effecting intimate admix- 
ing of the aluminum alcoholate solu- 
tion and silica hydrosol to cause inti- 
mate coprecipitation of silica and alum- 
ina, hydrolyzing the aluminum alco- 
holate by and reacting the aluminum 
alcoholate with the water in the silica 
hydrosol to form a_ hydrous. silica- 
alumina composite and forming a 
water slurry of the resulting hydrous 
silica-alumina composite, and recover- 
ing and drying the silica-alumina com- 
posite to produce a catalyst. 


Basic Phenates to Inhibit Silver Cor- 
rosion in Thiophosphate-Containing 
Lubricating Oils, Patent No. 2,713,- 
557 (W. Lowe, assignor to California 
Research Corp.) A lubricating oil 
composition comprising a major pro- 
portion of an oil of lubricating vis- 
cosity having incorporated therein a 
small amount, sufficient to inhibit 
oxidation, of a metal salt of a mixed 
diester of dithiophosphoric acid, 
wherein one ester group is an alkyl 
radical having from 1 to 4 carbon 
atoms, and another ester group is an 
alkyl radical having from 6 to 18 car- 
bon atoms, and said metal being se- 
lected from the group of zinc and cal- 
cium, and, in addition, a small amount, 
sufficient to inhibit the corrosion to 
silver caused by said metal salt of 
dithiophosphorie acid, of a “basic” sul- 
furized metal salt of an alkyl phenol 
having a metal selected from the group 
consisting of: calcium and_ barium, 
wherein the metal of said phenol is 
present in an amount at least 10% in 
excess of that required to form a neu- 
tral phenate.:~ 


Lubricating Compositions, Patent No. 
2,713,558 (H. E. Schmitz, assignor to 
Shell Development Co.) <A lubricat- 
ing composition comprising a major 
amount of a mineral lubricating oil 
and from about 0.1% to about 10% of 
an oil soluble divalent selenium dihy- 
drocarbyl dithiocarbamate. 


Process for Breaking Petroleum Emul- 
sions, Patent No. 2,713,559 (A. H. 
Smith, assignor to Petrolite Corp.) A 
process for breaking petroleum emul- 
sions of the water-in-oil type charac- 
terized by subjecting the emulsion to 
the action of a demulsifier including 
hydrophile synthetic products; said 
hydrophile synthetic products being 
obtained by reaction between (A) a 





MACHINE WEAR REDUCED 
T0 A MINIMUM rivet" 
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Norgren MICRO-FOG Ends 
Gear Lubrication Problem 
On Zinc Plating Tanks 


At the Wagner Electric Corp., 
St. Louis, baskets containing parts 
to be zinc plated in a hot, acid 
solution - mechanically agitated 
by a gear drive. 

/ With the former drip feed 
lubrication method, acid fumes 
entered the gear boxes, contaminating 
the lubricant and destroying the gear 
box seals. Loss of lubricant plus 
corrosion by the contaminated 
lubricant greatly accelerated 
gear wear and resulted in frequent 
costly repairs. 

Three years ago, the Norgren 
MICRO-FOG Lubrication System at 
tight was installed. The gears are 
constantly protected from wear by 
a film of oil—and entry of acid 
fumes is prevented by the slight, 
continuous flow of air through the 
gear box, venting to the atmosphere. 
Gear wear and corrosion have been 
reduced to a minimum. 


Write for 
FREE BLUEPRINT MF-21 
for complete details on this applica- 
tion—-or call your nearby Norgren 
Representative listed in your tele- 
phone book. 





3447 So. Elati, Englewood, Colo. 
PRESSURE REGULATORS © AIR LINE FILTERS * LUBRICATORS ° AIR CONTROL VALVES 


145 
LUBRICATION ENGINEERING, March-April, 1956 











Why Lubrication Engineers 


Specify nyl 
Tubing To Solve Hard-Service 
Installation Problems 


e Push-button power lubrication systems like the installation shown above 
depend on NYLAFLOW pressure tubing for this tough service. For 
flexible NYLAFLOW, produced from specially processed nylon, has the 
characteristics required to make these systems desirable—cost-wise and 
performance-wise. 


ALMOST UNLIMITED FLEX LIFE—The continuous flexing and 
vibration of automobile front wheel suspensions causes no fatigue 
in highly flexible NYLAFLOW. 


HIGH STRENGTH—Few tubings can approach NY LAFLOW’s 
high strength per weight ratio. NYLAFLOW, available in burst 
strengths of 1000 psi. and 2500 psi., is 1/2 the weight of aluminum, 
1/9th the weight of copper. 


CRUSH PROOF, DENT PROOF—NyYLAFLOW’s bone-like 


structure offers high resistance to accidental shock or impact. 


CORROSION RESISTANT—NYLAFLOW is impervious to 
hydrocarbons and practically all solvents, including hydraulic 
fluids, alkalis and salt spray. 


LOW INSTALLATION COST—NYLAFLOW requires no pre- 
bending for installation — bends easily and symmetrically to exact 
shapes required, needs no special fittings or flexible couplings, and 
is easily worked from light, compact coils. 


NYLAFLOW is available in a variety of sizes and coil 
lengths. Write today for latest test and application data. 






THE POLYMER CORPORATION of Penna. e Reading, Penna. 
In Canada: Polypenco, Inc., 2052 St. Catherine St., W., Montreal, P.Q. 


i dfttdbaal Nylon, Teflon*, Q-200.5 and K-51 


#0U PONT TRADEMARK 





polycarboxy acid, and (B) a highly 
oxypropylated substituted ring com- 
pound. 


Preparation of Lubricating Grease, 
Patent No. 2,714,091 (I. E. Puddington 
& A. F. Siranni, assignors to National 
Research Council.) A process for the 
preparation of lubricating grease com- 
prising adding to a mineral lubricating 
oil 5-25 parts by weight of a solid, hy- 
drophilic, finely divided, low bulk den- 
sity, absorbent material per 100 parts 
of the lubricating oil and a drying oil 
in the proportion of 10-100% by weight 
of the absorbent material, and heating 
the mixture for 2-3 hours at 100-150 C. 


Lithium Base Grease Containing Group 
II Divalent Metal Alkyl Salicylate, 
such as Zinc Alkyl Salicylate, as Cop- 
per Corrosion Inhibitor, Patent No. 
2,714,092 (C. H. Culnane & J. P. Dil- 
worth, assignors to The Texas Co.) 
A lubricating grease composition com- 
prising as the essential constituents an 
oleaginous liquid lubricating base of 
which at least the major proportion 
is a liquid aliphatic dicarboxylic acid 
ester within the lubricating viscosity 
range, about 10-30% by weight of a 
lithium soap of a saturated soap- 
forming fatty material, said grease 
normally being corrosive to copper, 
and from 0.25 to 5% by weight 
based on said composition of an oil- 
soluble metal alkyl salicylate. 


Lubricating Oil Additives, Patent No. 
2,714,579 (D. T. Rogers & J. P. Mc- 
Dermott, assignors to Esso Research 
& Engineering Co.) A composition 
comprising a major proportion of an 
oily vehicle selected from the group 
consisting of mineral oils, natural fatty 
oils and synthetic ester oils and con- 
taining 0.001 to 5% by weight, based 
on the total composition, of the re- 
action product of an arylsilanol in 
which at least two silicon bonds are oc- 
cupied by aryl groups, the remainder of 
the silicon bonds being occupied by 
hydroxy groups and a phosphorus sul- 
fide reacted to substantial completion 
at a temperature within the range of 
150 to 250 C. 


Lubricating Oil Composition, Patent 
No. 2,715,106 (E. W. Brennan & H. G. 
Raybould, Jr., assignors to The Pure 
Oil Co.) A lubricating composition 
comprising a mineral oil base having 
admixed therein minor proportions of 
a sulfurized-phosphorized terpene al- 
cohol in an amount sufficient to im- 
part anti-wear characteristics to said 
mineral oil and an oil soluble alkali 
metal organic sulfonate in an amount 
sufficient to enhance the effectiveness 
of said alcohol as an anti-wear agent. 


Lubricating Compositions, Patent No. 
2,715,107 (S. K. Talley, F. M. Fowkes 
& A. G. Cattaneo, assignors to Shell 
Development Co.) A lubricating com- 
position comprising a major amount of 
a low viscosity oil having a Saybolt 
Universal viscosity at 210 F. not in 
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excess of 45 seconds and _ between 
about 0.01% and about 5% by weight, 
of a perfluoro-organic compound select- 
ed from the group consisting of per- 
fluoro-organic acids, and amides thereof 
said compound containing between 2 
and 14 carbon atoms per molecule. 


Lubricating Compositions, Patent No. 
2,715,108 (C. E. Francis, assignor to 
Shell Development Co.) An improved 
lubricant consisting essentially of a 
major amount of a mineral lubricating 
oil and minor amounts, sufficient to in- 
hibit oxidation and corrosion of (a) an 
oil-soluble organic compound selected 
from the group consisting of oil-solu- 
ble hydrocarbyl-substituted aliphatic 
polycarboxylic acids, their monoesters 
and monoamides, (b) an_ oil-soluble 
phenolic compound, and a _ minor 
amount of about 0.01%, which amount 
is sufficient to effect complete demulsi- 
fication, of (c) organic acidic com- 
pound selected from the group con- 
sisting of benzoic acid, salicylic acid, 
anthranilic acid, cinnamic acid and to- 
luic acid. 


Lubricating Oil Composition Contain- 
ing Phosphorus Sulfide Hydrocarbon 
Reaction Product, Patent No. 2,715,612 
(L. E. Beare, assignor to Sinclair Re- 
fining Co.) A steam-treated, clear, oil 
compatible, unneutralized reaction 
product of a mineral oil bright stock 
and about 7 to 17 per cent phosphorus 
pentasulfide at about 400 to 500 F., 
from which insolubles have been sepa- 
rated at a temperature of about 150-250 
F. prior to steam-treatment. 


Adhesive Petroleum Lubricant, Patent 
No. 2,716,085 (G. W. Ayers & W. A. 
Krewer, assignors to The Pure Oil 
Co.) <A lubricating composition char- 
acterized by its adhesiveness to metal 
surfaces, comprising a major portion 
of a residuum from the distillation of a 
petroleum oil and a small amount of 
unctuous, stringy, non-crystalline wax 
tailings having an asphaltene content 
of not above 4 per cent by weight and 
a petroleum resin content of at least 
about 30 per cent by weight, a wax 
content of under 2 per cent by weight, 
and a sulfur content of about 2.4 per 
cent by weight. 


Method of Filtering Dispersions of 
Metal Oxides & Hydroxides in Lu- 
bricating Oils, Patent No. 2,716,087 (R. 
L.Woodruff, P. K. Mulvany & J. O. 
Clayton, assignors to California Re- 
search Corp.) In the process of pre- 
paring liquid lubricating oil composi- 
tions comprising forming an admix- 
ture of a lubricating oil, a dihydric al- 
cohol, a dispersant, an inorganic sub- 
stance selected from the group 
consisting of polyvalent metal oxides 
and hydroxides, removing dihydric al- 
cohol, and filtering the remaining ad- 
mixture, the improvement wiich com- 
prises blending into said admixture, 
prior to the filtration step, a filtering 
agent in an amount such that the mol 
ratio of said filtering agent to said in- 


organic substance has a value from 
about 0.1 to about 4.0, wherein said 
filtering agent is selected from the 
group consisting of lactic acid, gly- 
colic acid, and the calcium salts of 
these acids, said lubricating oil com- 
position being substantially free of acid 
from said filtering agent. 


Lubricating Oil Composition, Patent 
No. 2,716,088 (L. A. Mikeska & C. A. 
Cohen, assignors to Esso Research & 
Engineering Co.) An improved lubri- 
cating composition which comprises a 
major proportion of a mineral lubricat- 
ing oil and a minor proportion, sufficient 
to improve the detergency characteris- 
tics of said lubricating oil of a naphthen- 
ic non-aromatic calcium sulfonate of a 
white oil olefin, said white oil olefin 
having a molecular weight in the range 
of 450 to 600 and being derived from 
a naphthenic, non-aromatic white oil by 
chlorination with not more than about 
0.5 mol of chlorine per mol of hydro- 
carbon at an elevated temperature be- 
low 100 C., followed by dehydrochlori- 
nation. 


Motor Oil Inhibitor, Patent No. 2,716,- 
089 (E. B. Cyphers & L. E. Moody, as- 
signors to Esso Research & Engineer- 
ing Co.) A composition comprising a 
mineral lubricating oil and a minor 
amount, sufficient to suppress coking 
of said oil, of an antimony salt of a 
dihydrocarbon dithiocarbamic acid, 
each of the hydrocarbon portions of 
said acid having in the range of 1 to 20 
carbon atoms. 


Plasticizing Agent for Mineral Oil 
Solutions, Patent No. 2,716,090 (N. V. 
Hakala & J. E. J. Kane, assignors to 
Esso Research & Engineering Co.) 
The method of preparing a mineral oil 
solution of a metal salt of a phenol 
sulfide which comprises reacting a phe- 
nol sulfide with a basic acting metal 
compound in the presence of a min- 
eral lubricating oil containing a plas- 
ticizing amount of an alkylated phenol 
containing at least two alkyl groups of 
branched chain structure, each of which 
contains from 5 to 16 carbon atoms. 


Rust Preventive Composition, Patent 
No. 2,716,611 (C. E. Paxton, assignor 
to Esso Research & Engineering Co.) 
A rust inhibiting composition consist- 
ing essentially of a major proportion 
of mineral base solvent oil, about 2 to 
8% by weight based on the total com- 
position of micro-crystalline wax of 
melting point between 140 and 190 F. 
and penetration below 40 mm./10 at 77 
F., ASTM, as a primary film form- 
ing agent, and 0.2 to 3% of a long 
chain fatty acid partial ester of poly- 
hydric alcohol as a surface active and 
synergistic rust inhibiting agent, said 
fatty acid portion of the partial ester 
containing from about 12 to 22 car- 
bon atoms and said polyhydric alcohol 
portion is selected from the group con- 
sisting of sorbitan, mannitan and pen- 
taerythritol. 
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SURF-KOTE 


the dry film 
LUBRICANT 





SPRAY IT 









Easy to apply! Job shops 
can benefit as well as 
volume producers 





You can greatly in- 
crease wear life of 
moving or rotating 
metal parts ... or 
solve many difficult 
lubrication problems 
... with Surf-Kote. 
It prevents metal-to- 
metal contact, pro- 
vides low coefficient of sliding friction, and 
has outstanding anti-galling and seizing 
properties. 

Coating parts with Surf-Kote is partic- 
ularly advantageous where conventional 
methods of lubrication are impractical be- 
cause of inaccessibility, presence of steam, 
water or dust, high pressures and extremes 
of temperature. Surf-Kote is also used as 
a “break-in” lubricant, and in conjunction 
with other lubricants as a means to conserve 
power, lengthen machine life and reduce 
maintenance. 


No special equipment needed 


Surf-Kote is easy to apply by spraying, dip- 
ping or hand brushing, followed by baking 
to cure the resinous binder. The result is a 
hard, continuous inorganic film with long- 
lasting characteristics. Equipment generally 
available in paint departments may be uti- 
lized. Baking can be done by conduction, 
convection, infrared or high frequency meth- 
ods. Or, even a blow torch may be used 
for hand curing. 

Write for free folder ‘Solid Lubricants 
Might Be the Only Answer’; also Surf-Kote 
data sheets and sample coated parts. 


HOHMAN PLATING & MFG., INC. 
810 Vermont Ave., Dayton 4, Ohio 








Design machinery 
for maximum 
efficiency 
safety 
economy 


Here’s a practical treatment of 
the problems of machine design- 
ing based on tested, scientific data 
and experimental findings. This 
new book gives a complete discus- 
sion of each phase of machine de- 
signing from the adaptability and 
selection of materials for the vari- 
ous machining processes to the 
elimination of vibration . . . prac- 
tical aids, hints and suggestions 
on everything from good form in 
making machine-design computa- 
tions to detachable machine fast- 
enings. 


MACHINE DESIGN 


Revised Second Edition 
By Paul H. Black 
471 pages, 6 x 9, 268 illus., $5.50 





Full analysis of stress concentra- 
tion in machine members 


This book gives a full, complete 
treatment to stress concentra- 
tion — its applicability, serious- 
ness, mitigation, determination, 
and design application. It ex- 
plains the causes and meaning of 
stress concentration ... methods 
of visualization ... ways you can 
reduce stress concentration. 





Special Features ... 
% The treatment is practical 
applications of basic 
principles and theories are 
explained in simple, concise 
terms. 

¥% Gives logical methods of de- 
termining allowable stresses 
including the effect of sur- 
face finish. 

% Spotlights the design ap- 
proach to gear problems — 
sliding bearing and lubrica- 
tion—vibration control. 











Order from — 


ASLE 


84 E. Randolph St. 
Chicago 1, Ill. 
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Transparent Rust Preventive Cutting 
Oil Composition, Patent No. 2,716,634 
(J. F. Black & J. D. Oathout, assignors 
to Esso Research & Engineering Co.) 
A water soluble composition suitable 
for use in aqueous cutting oils and 
rust preventives consisting essentially 
of a mixture of one part by weight of 
an oil soluble alkali metal petroleum 
sulfonate, in the range of 0.5 to 2.0 
parts by weight of a mineral lubricant 
base stock, in the range of 0.02 to 0.4 
part by weight of a rust inhibitor se- 
lected from the group consisting of 
alkali metal nitrites and alkali metal 
chromates, and in the range of 0.02 to 
0.4 part by weight of an acidic mate- 
rial selected from the group consisting 
of alkali metal dihydrogen phosphates 
and long chain aliphatic monocarboxyl- 
ic acids having about 12-22 carbon 
atoms in the aliphatic chain. 


Tall Oil Pitch-Phosphorus Sulfide Re- 
action Product & Metallic Salts 
as Dispersants for Lubricating Oils, 
Patent No. 2,717,241 (E. O. Hook 
& L. C.. Beegle, assignors to 
American Cyanamid Co.) A_ lubri- 
cating composition comprising a 
hydrocarbon lubricating oil having 
dissolved therein a detergent composi- 
tion operative to assist in preventing 
the deposition of hard deposits due to 
sludge formation in the oil, said deter- 
gent composition comprising as its es- 
sential ingredient a neutralized re- 
action product resulting from chemi- 
cally reacting a phosphorus sulfide 
with a mixture comprising from about 
1% to 75% by weight of a member of 
the group consisting of tall oil pitch, 
partially saponified tall oil pitch, and 
completely saponified tall oil pitch and 
at least 25% by weight of a member of 
the group consisting of an unsatur- 
ated ester wax, a partially saponified 
unsaturated ester wax and a completely 
saponified unsaturated ester wax, and 
neutralizing the reaction product with 
a suitable reactive metal compound. 


Polyoxyalkylene Lubricant Composi- 
tion, Patent No. 2,717,242 (E. G. Foehr, 
assignor to California Research Corp.) 
A lubricant composition comprising a 
dialkyl poly-1, 2-propylene glycol di- 
ether having a molecular weight of from 
about 400 to 800 and wherein the alkyl 
end groups contain from 1 to 8 car- 
bon atoms, together with an amount of 
from about one-fourth to about four- 
fold, in terms of the volume of said 
ether, of a member of the group con- 
sisting of tetraalkyl silicate and hexa- 
alkoxy disiloxane wherein said alkyl 
groups contain from 5 to 8 carbon 
atoms each and have a branched-chain 
structure. 


Sulfonation of Mineral Oil, Patent No. 
2,717,265 (H. L. Johnson, assignor to 
Sun Oil Co.) Ina process for prepara- 
tion by sulfonation, of mahogany sul- 
fonic acids from a mineral oil having 
at least 1.2 aromatic rings per molecule 
in the aromatic portion thereof, the im- 
provement which comprises: prior to 


said sulfonation, contacting said miner- 
al oil in liquid phase with hydrogen 
under hydrogenation conditions to 
effect a decrease of at least 0.005 in the 
refractive index Na” of the aromatic 
portion of the oil, and to effect a de- 
crease of not more than 15 percent in 
the aromatic content of the oil. 


Preparation of Organosilicon Com- 
pounds, Patent No. 2,717,900 (E.P. 
Plueddemann & D. B. Hatcher, as- 
signors, by mesne assignments, to Al- 
lied Chemical & Dye Corp.) An oil 
formed by reacting under heat a mix- 
ture comprising (A) a hydroxyl-con- 
taining polyhydric alcohol partial ester, 
of a 2 to 18 carbon atom fatty acid, con- 
taining (1) 0.9 to 2.1 free alcoholic hy- 
droxyl groups per molecule and (2) at 
least 9 residues of said fatty acid for 
every 10 of said polyhydric alcohol 
with (3) at least 90 per cent of its 
esterified hydroxyl groups being esteri- 
fied with said fatty acid and (B) a re- 
active group containing organosilicon 
substance, selected from the class con- 
sisting of hydrocarbon-substituted chlo- 
rosilanes and the hydrocarbon-substi- 
tuted alkoxysilanes and their partial 
hydrolysis products containing (1) an 
average of from one-third to three re- 
active groups per silicon atom and (2) 
an average of from 0.8 to 1.25 of said 
hydrocarbon substituent groups, each 
containing at least two carbon atoms, 
attached by carbon-silicon bonds to 
each silicon atom, and (3) in which at 
least 75 percent of its silicon atoms 
have but a single such hydrocarbon 
substituent; said reactants (A) and (B) 
being present in said mixture in pro- 
portions to provide from 1 to 1.25 
equivalents of said reactive groups per 
equivalent of hydroxyl in said partial 
ester. 


Lubricants Containing Ethers with 
Multiple Sulfur Linkages, Patent No. 
2,718,499 (G. E. Barker & G. E. Alter, 
Jr., assignors to Elgin National Watch 
Co.) <A lubricant consisting of 99.5 
parts of amylthio-benzylthio-dipropy! 
sulfides, 0.2 part of p-tertiary butyl 
catechol, and 0.3 part of dodecylpiperi- 
dine stearate; and characterized in hav- 
ing a pour point of about minus 90 
degrees F., no cloud point down to 
about minus 90 degrees F., and being 
non-spreading on steel and jewel sur- 
faces. 

Rust Inhibited Composition, Patent 
No. 2,718,500 (H. W. Rudel & Marion 
Gargisa, assignors to Esso Research 
& Engineering Co.) <A rust inhibited 
composition comprising a major pro- 
portion of a hydrocarbon, 0.00025 to 
0.5% by weight, based on the total 
composition, of an oil soluble acid 
ester of a phosphorus acid containing 
at least one hydrocarbon radical of 3-20 
carbon atoms and 0.00025 to 0.5% of 
an alkyl mercapto acetic acid having 
about 8-20 carbon atoms in the alkyl 
group, the total amount of said ester 
and alkyl mercapto acetic acid being 
sufficient substantially to inhibit rust- 
ing by said hydrocarbon. 
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A GOOD MAN TO KNOW FOR INDUSTRIAL LUBRICATION 


No service is better than the men behind it. That's 
why Atlantic lubrication consultants, such as the 
man you see in the illustration, are experienced 
men with years of on-the-job knowledge of heavy 
industrial lubrication requirements. 


These men are also representative of the men be- 
hind the service you can expect from Atlantic. 
Atlantic is made up of many specialists — men 
skilled in research, production, transportation and 
marketing of petroleum products from lubricants 


and gasolines to petrochemicals. 


Behind their skills are 85 years of developing suc- 
cessful products for the use of our customers. 
Atlantic has pioneered in many historic firsts in 
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the petroleum industry. To judge for yourself the 
value of Atlantic service, write, wire or phone the 
Atlantic office nearest you for full information 
on Atlantic lubricants for heavy industrial installa- 
tion. The Atlantic Refining Company, Dept. L-4, 
260 South Broad Street, Philadelphia 1, Pa. 
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PEL ccciuscnwcseavekin M. D. Upper, Sun Oil Co., P. O. Box 7, Sta. F., Cincinnati 4, Ohio 
PL oo ccubessneee J. W. Hurley, Ford Motor Co., 17601 Brookpark Rd., Cleveland, Ohio 
PMO. copctbbene’seaecaeeeeereb ban seep ae N. E. Shirk, 47 Prospect St., Waterbury, Conn. 
OE SE eee Sees eee yrs rs A. H. Lipton, 701 Lexington Ave. , Dayton 7, Ohio 
Detroit ..... .T. Cabba, Sinclair Refg. Co., 5060 Lakewood, Apt. 6, Detroit 13, Mich. 
eee J Olson, Sun Oil Co., 4900 N. Clinton St., Fort Wayne 3, Ind. 
EE Terre W. S. Nicholson, The Texas 4 720 San Jacinto, Houston 1, Tex. 
Indianapolis .............. C. M. Marlatt, Neff Engrg. Co., 0: Box 7361, Indianapolis, Ind. 
DAY cscseskes saeco E. R. Allgeyer, The Marley Co., ose 2 WwW. Gregory, Kansas City, Mo. 
DICE i ceckisneubeeets oeesaee H. Woods, The Mead Corp., W. Main St., Kingsport, Tenn. 
[PEE ncn kccenckecas suvane G. Jepson, Bowser, Inc., 2843 W. 7th St., Los Angeles, Calif. 
NT, ee et er res R. I. Wilding, 646 Lindell Ave., Louisville 11, Ky. 
OD cccnponvedsnneenbske pe ckeusnee sane J. H. Berg, 2537 N. 41 St., Milwaukee 10, Wisc. 
Montreal ..... J. H. Whyte, British American Oil Co., 606 Cathcart St., Montreal, P. Q., Canada 
Pt SE ccsnreeniscvesssoee H. Cunha, National Biscuit Co., 449 W. 14th St., N. Y. 14, N. Y. 
N. California ....A. C. West, California Research Corp., 576 Standard Ave., Richmond 1, Calif. 
Ontario. ...<... K. J. Dean, Shel] Oil Co. of Canada, 1120 Main St., E., Hamilton, Ont., Canada 
Philadelphia ........ W. P. Finlay, Leeds & Northrup Co., 4901 Stenton Ave., Philadelphia, Pa. 
Pittsburgh..... J. L. Duchene, Baldwin-Lima-Hamilton Corp., 567 Union Trust Bldg., Pitts., Pa. 
. WHEY s:000ccenenene ss sheds dense ensees J. Norton, P. O. Box 6-104, Flint 6, Mich. 
ee ee L. F. Hartmann, Olin- Mathieson Chemical Corp., East Alton, Ill. 
LS ee ere ey eer eee E. Naughton, 182 Clyde Ave., Syracuse, N. Y. 
i 6 Cc. D. Johnson, Twin Cities Test. & Engrg. Lab., 2440 Franklin Ave., 
St. Paul 4, Minn. 
PPE .-cScivinshtwes sesh aw sss eee S. J. Litten, Sun Oil Co., 910 Pearl, Martins Ferry, Ohio 
ee RE OR ee Oe TS J. A. Weber, 166 N. Middle St., Columbiana, Ohio 
NATIONAL COMMITTEE a 
Dts KcEsckcihsskbubhaNesswhukeodn<kuvaweeesaavcende . Pritchard, Pg 7 Wood Steel Co. 
DEES: Sissel bus seks ss hsb EEN SES ANAESES SS ENSES KO seeenseseeceus A. Brewer, Consultant 
PL: cOn6he db Awee wen ss a6 006s ¥en bebateas o4s bere eseseweneeN R. K. Gould, The Texas Co. 
EEE See re ey See B. G. Rightmire, Massachusetts Institute of Technology 
ToL ccsnnadscseeckcundenssshbcbusnoeennane J. D. Lykins, Wheeling Steel Corp. 
Pi? ch. cGccaneskewe ska beiaeek se eneene J. W. Peterson (Chairman), Standard Oil Co. (Ind.) 
W. H. Fowler, Jr. (Chairman Ex-Officio), The Pure Oil Co. 
rr eas cick bee habS Ss eb NaS hee neha C. R. Schmitt, E. F. Houghton & Co. 
De hel cuche gah sue eeinhased keen tone ssteeanee™ W. G. Fatch, Carnegie-Illinois Steel Corp. 
I DEED Sic cnics csc00btcwe nuance W. P. Youngelaus, Jr., ASLE National Office 
tt Pn cccnuchosshba bas ess swase exe $bbesssshaeeenee J. P. Critchlow, Gulf Oil Corp. 


Membership & Admission .B. T. Harding, Midwest Oil Co. 


National Meeting (Annual—Pittsburgh)...............+...- J. P. Critchlow, Gulf Oil Corp. 
National Meeting Manual ............................-A. S. McNeilly, Esso Standard Oil Co. 
ST EE one cennebo.00kseeb 06e0e0so0reenunes W. P. Youngclaus, Jr., ASLE National Office 
Pn << nticckcesehbecebessheeeouuethssaduce eke J. Boyd, Westinghouse Research Labs. 
Program (Annual Meeting—Pittsburgh) ........... D. W. Sawyer, Aluminum Co. of America 
ers E. M. Glass, Hq. Wright Air Development Center 
TECHNICAL COMMITTEE CHAIRMEN 
General Technica] ........cccececses sabscbbbbbhsanenseed E. R. Booser, General Electric Co. 
Bearings & Bearing Lubrication. [Stab deeb erase A. A. Raimondi, Westinghouse Electric Co. 
i i. < cpt nb ke kkessbendckeueee se soe N. C. eo Southwest Research Institute 
Fluids for Metal Working................. subecesubeaseabaeer . H. Bastian, Shell Oil Co. 
Genres & Gonr Labrbcntiom®.. ...cccsccscccccccvcceses S. R. Calish, eh California Research Corp. 
Hydraulics & Hydraulic Machinery....... ...G. B. Miller, Racine Hydraulics & Machinery, Inc, 
Lubricant Reclamation & Disposal ............. seh eee enon in -A. B. Two, Ford Motor Co. 
Ee N.S iussicks wees esees Seesbeecees E. ”M.: Higgins, Master Lubricants Co. 
ED NEOUS. 0 win asda on 00s ew'dne ees eX D. wei & California Research Corp. 
EE CEOS nacnncneneeveeeresbarenacenseevessensee R. J. Torrens, Eastman Kodak Co. 
Physical Properties of L' ubricants corcccceccccccccosccsccccd. Ly, Langworthy, The Texas Co. 











Lubricant Compositions, Patent No. 
2,718,502 (E. S. Francis & R. R. Shoe- 
maker, assignors to Gulf Research & 
Development Co.) A lubricant com- 
position consisting essentially of about 
0.5 to 10 per cent by weight of an ester 
formed by the reaction of glycerol with 
mixed acids prepared by the air oxi- 
dation of petrolatum, about 0.25 to 5 
per cent by weight of a phosphatide, 
and a petroleum hydrocarbon oil hav- 
ing a viscosity at 210 F. of about 65 to 
90 Saybolt Universal seconds. 


Anticorrosion Agents Consisting of 
the Monamides of Dimerized Fatty 
Acids, Patent No. 2,718,503 (A. G. Roc- 
chini, assignor to Gulf Research & De- 
velopment Co.) A mineral oil com- 
position comprising a major amount of 
a mineral oil and a minor amount, suf- 
ficient to impart corrosion inhibiting 
properties to the composition, of a 
monoamide of an amine having from 
1 to 2 hydrocarbon N-substituents at 
least one of which contains at least 6 
carbon atoms and a dimer of an un- 
saturated fatty acid having from 6 to 
22 carbon atoms and containing from 
2 to 3 ethylene linkages per molecule. 


Compounded Mineral Lubricant, Patent 
No. 2,719,121 (R. PP. Neyjak & E. B. 
Cyphers, assignors to Esso Research 
& Engineering Co.) A lubricant com- 
position consisting essentially of a min- 
eral oil and in the range of about 0.05 
to 5.0% by weight of a dialkyl pheno- 
thiazine, the alkyl groups each having 
in the range of 4 to 16 carbon atoms, 
and in the range of about 0.1 to 5.0% 
by weight of a compound selected from 
the class consisting of zinc naphthe- 
nates and magnesium naphthenates. 


Complex Alkali Metal Soap-Alkaline 
Earth Metal Salt Thickened Grease 
Composition, Patent No. 2,719,122 (A. 
J. Morway, assignor to Esso Research 
& Engineering Co.) <A_ lubricating 
grease composition comprising a major 
proportion of grease-forming lubricat- 
ing oil and a minor grease-thickening 
proportion of a complex thickener, 
said thickener consisting essentially of 
alkali metal soaps of saturated fatty 
acids of the Cys to Cx range and alka- 
line earth metal salt of monobasic car- 
boxylic acids of the C; to Cs range in 
substantially equimolar proportions. 


Grease Compositions Containing Oxo- 
nated Acid Soaps, Patent No. 2,719,124 
(L. A. Mikeska & A. J. Morway, as- 
signors to Esso Research & Engineer- 
ing Co.) A lubricating grease compo- 
sition which consists essentially of a lu- 
bricating oil base stock thickened to a 
grease consistency with a metal soap 
of the hydrogenated reaction product 
of a material selected from the group 
consisting of oleic acid and the esters 
of oleic acid with carbon monoxide 
and hydrogen in the presence of a co- 
balt catalyst at temperatures of from 
150 to 450 F. and pressures of from 
1000 to 5000 pounds per square inch. 
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Where Sinclair Research Solves Lubrication Problems For Industry 


Pe irate, 








| x en ~~) SINCLAIR PRODUCES 
| . aa OVER 500 SPECIALIZED 
LUBRICANTS 


Located at Harvey, Illinois, is one of the most extensive installations of its kind 


in the world—Sinclair Research Laboratories. These facilities are an for 

important part of Sinclair’s investment in the future. Here is where Sinclair TURBINES 
engineers and chemists work to develop new products and improve the quality DIESEL ENGINES 

of existing ones. At these famous laboratories were developed the Sinclair 

lubricants now solving difficult problems in all branches of industry. If you have PLANT MACHINERY 

a special lubrication problem, write today to Sinclair Refining Company, METAL WORKING 
Technical Service Division, 600 Fifth Avenue, New York 20, N. Y. AUTOMOTIVE EQUIPMENT 


and many other applications 








SINCLAIR REFINING COMPANY 














NOW AVAILABLE x at ean Siew of Lubrication Chine | 
(Restyled, 82 x 11”) | It — 1945 ath G 


ASLE Chicago Sp. Illinois 
pon a - ship shi s certifies that 
ce John Doe 


[] With name hand-lettered, and 
; showing date of admission . isa 
— Member 
[] Same as above, but suitably of this Society organized to promote the science and practice of 
framed, ready for hanging . . lubrication and for acquiring and perpetuating thar knowledge 





necessary to the lubrication engineer. 
(Postage Prepaid) ? 


To order, check your preference 











above, fill in your name and ad- liminiseative Scoretary Presiden? 
dress, enclose remittance, and 1 
mail to: 
RR cRNN TE ere eM ets hI ke Ni kD eA Rwcrla Lately ash ls, Sh ihsiia Mh 6 we wy Sys ee tee MPa 

ASLE | 

84 E. Randolph St. ars tea ish acer een wee aia tod Gk wd alae Beek aie ea 
Chicago 1, Ill. 

(Please Print) 
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(Book Reviews, from p. 122) 
service such as steam turbines, 
steam cylinders, internal combus- 
tion engines, power plant auxilia- 
ries, electric motors, and others. 
3ecause of its straight-for- 
ward exposition, the book could 
be of considerable value in a lu- 
brication training course where 
its emphasis on practical aspects 
would also help. A rather de- 
tailed table of contents clearly 
traces the book’s development 
and is an aid for reference use. 
Lubricant uses which are cited 
are specific rather than general. 
This reviewer feels the book’s 
value to be primarily in the ma- 
chine component section, as the 
discussions on general subjects 
such as internal combustion en- 
gines are too brief for adequate 
coverage. References shown 
after each chapter are mostly to 
industrial publications and are 
not tied in directly with the text, 
thereby giving wider practical 
subject coverage. Many illustra- 
tions and tables are included. As 
indicated by its title, the book 
stresses the art of lubrication 
practice and should, therefore, 
have wide applicability among 
those who are concerned with the 
day to day use of these materials. 


ASTM Viscosity Index Calcu- 
lated From Kinematic Viscosity, 
Special Technical Publication No. 
168; American Society for Test- 
ing Materials, Philadelphia, Pa., 
1955; 832 pages, price $8.00 (to 
ASTM members $6.00) 

The tables in this publication 
permit direct reading of the Vis- 
cosity Index of a petroleum prod- 
uct or lubricant, if its kinematic 
viscosities at 100 F. and 210 F. 
are known. Use of these tables 
eliminates the calculation  re- 





Make plans now! 


3rd 
ASME-ASLE 


Lubrication Conference 


Chalfonte-Haddon Hall 
Atlantic City, N. J. 
Oct. 8-9-10, 1956 
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quired for determining V.I., 
empirical number that indicates 
the effect of change of tempera- 
ture on the viscosity of an oil. A 
low V.I. signifies relatively large 
change of viscosity with tempera- 
ture. 

The V.I. values listed in 
these tables were calculated by 
I.B.M. machines using the basic 
V.I. formula given in the Stand- 
ard Method for Calculating V.I. 
(ASTM Designation: D567. The 
basic values of L, H, and D 
punched in [.B.M. cards during 
the preparation of Table I| of 
Method D567 and Table III of 
Special Technical Publication 
43A (Basic Values for Calculat- 
ing Viscosity Index from Kine- 
matic Viscosities) were used. 
These values were extended to 
the fifth decimal place to obtain 
greater accuracy. The printed 
tables were reproduced directly 
from the tabulated copy prepared 
by the I.B.M. machine to elimi- 
nate transcription and_ typeset- 
ting errors. 

These tables were prepared 
to meet the need and demand for 
convenient reference tables for 
obtaining calculated V.I. quickly 
and accurately; they were pre- 
pared by Section A on Viscosity 
Methods for Newtonian Liquids, 
of Research Division VII on Flow 
Properties, of ASTM Committee 
D-2 on Petroleum Products and 
Lubricants. 





(Current Literature, from p. 125) 

tem. While the Index is primari- 
ly intended to establish a compre- 
hensive system by which ASTE 
Data Sheets and related informa- 
tion may be filed (it is not a list- 
ing of available Data Sheets), it 
serves a dual purpose. Of equal 
importance to its principal func- 
tion, is the fact that it can also be 
used to number and file the mass 
of engineering information and 
data that constantly accumulates. 
Articles, tables, or data can be 
numbered and filed for easy refer- 
ence. Although the numbering is 
different, the Index works in the 
same manner as the Decimal Sys- 
tem used by libraries the world 
over. Every item or class of item 
is given a specific seven-figure 





BENTONE 34 


Grease Manufacturers 
and Distributors 





THE ACME REFINING CO., Cleveland, ie 
ADAM COOKS SONS, INC., Linden, N. 
ALEMITE “apy STEWART-WARNER CORP, 
Chicago, 
ALLUBE cope. ” Glendale, Calif. 
THE AMERICAN LUBRICANTS CO., Dayton, Ohio 
ARKANSAS FUEL OIL CORP., Shreveport La. 
aia ong Pe yg & OIL ‘CORP., 
ansa it 
mee ON CREASE & _ CORP. OF CALI- 
NIA, Compton, Cal 
BATTENFELD GREASE & Olt CORP. OF NEW 
YORK, North Lag cere _ 
BEL-RAY CO., INC., Ma 
BOBBISH INDUSTRIAL eRODUCTS. ico: 
Dearborn, Mich. 
THE BROOKS OIL CO., Pittsburgh, Pa. 
CASCADE PETROLEUM CO., Denver, Colo. 
CATO OIL AND GREASE CO., Okla. City, Okla. 
CONSUMERS —" ASSOCIATION, 
Kansas City, 
CRAWFORD EMULSIONS, Pittsburgh, Pa. 
DENS-OIL LUBRICANT CO., Kansas City, Mo. 
JAMES W. DOYLE CORP., Detroit, Mich. 
FISKE BROTHERS REFINING CO., Newark, N. J. 
FISKE BROTHERS REFINING CO., Toledo, Ohio 
THE FRANKLIN OIL AND GAS CO., Bedford, O. 
GEORGIA- apy OIL CO., Macon, Georgia 
GLOBE GREASE & MFG. CO.., Los Angeles, Calif. 
GOPLERUD LUBRICANTS CO:. Mason City, lowa 
GREDAG, INC., Niagara Falls, N. Y. 
HI-WAY REFINERIES, LTD., Regina, ~— Canada 
THE HODSON CoRP., Chicago, 
THE HODSON CORP. (QUEBEC). INC., Three 
Rivers, Quebec, Canada 
E. F. HOUGHTON & CO.., Philadelphia, Pa. 
ILLICO INDEPENDENT OIL GO., Lincoln, Iil. 
INTER-STATE OIL CO., Kansas City, Kansas 
KEYSTONE LUBRICATING CO., Philadelphia, Pa. 
LUBRICATION CO. OF AMERICA, 
Los Angeles, Calif 
MacMILLAN “ CO. OF ALLENTOWN, 
Allentown, 
MAGIE BROTHERS, INC., Chicago, _ 
MAGNUS CHEMICAL CO., Garwood, 
MANITOBA CO-OPERATIVE WHOLESALE LtD., 
Winnipeg, Man., Canada 
METALCOTE OIL CO., St. Paul, Minn. 
MID-STATES LUBRICANTS, Kansas City, Mo. 
MIDWEST OIL CO., Minneapolis, Minn. 
THE OHIO GREASE COMPANY, Loudonville, O. 
OIL-KRAFT, INC., Cincinnati, O. 
OIL DISTRIBUTORS OF PHILADELPHIA, 
Philadelphia, Pa. 
ONYX INTERNATIONAL, Jersey City, N. J. 
PANTHER OIL “* GREASE MFG. CO., 
Fort Worth, Texa 
eer OIL & GREASE MFG. CO. OF 
CANADA, Toronto, Ontario, Canada 
PENN-' CREST ‘OIL & GREASE Corp., 
Long Island City, N. Y. 
PENN PRODUCTS co., N DuBois, Pa. 
PHOENIX OIL COMPANY, Augusta, Ga. 
A. B. PLATING SUPPLY Co., Milwaukee, Wisc. 
PRAIRIE STATES OIL & GREASE CO., Danville, Ill. 
PRECISION BEARING & TRANSMISSION CO., 
Omaha, Nebr. 
RILEY BROS., INC., Burlington, ate 
THE SAHARA OIL ‘CO., DuQuoin, Ili. 
SASKATCHEWAN FEDERATED COOP. LTD., 
Regina, Sask., Canada 
ADOLF SCHMIDS ERBEN S. A., Berne, Switzerland 
SERVICE LUBRICANTS, oe Chieago, Ill. 
L. SONNEBORN SONS, INC., New York, N. Y. 
saa a & OIL CO., INC., 


SOUTHWESTERN, PETROLEUM CO., 

Fort Worth, Texas 
SPECIALTY PRODUCTS CO., Jersey City, N. J. 
SUNLAND REFINING CORP., Fresno, Calif. 
SYRACUSE FIRE BRICK SUPPLY, Syracuse, N. Y. 
THREE RIVERS REFINERY, Three Rivers, Tex. 
TIDE WATER ASSOCIATED OIL CO., N. Y. C. 
TIONA PETROLEUM CO.., Philadelphia, Pa. 
TOPSALL LUBRICANTS, INC., Kenmore, N. Y. 
TOWER OIL CO., Chicag O, ii. 
TRANSMISSION EQUIPMENT CO., Pittsburgh, Pa. 
TRI-STATE PETROLEUM CO., Philadelphia, Pa. 
UNITED COOPERATIVES, ING., Alliance, Ohio 
THE WARREN REFINING AND CHEMICAL co., 

Cleveland, Ohio 
THE WAVERLY OIL WORKS ae bieiiiad Pa. 
WESTLAND OIL CO., Minot, N. 

*T, M. Reg. 


NATIONAL LEAD CO. 
BAROID DIVISION 


P.O.Box 1675, Houston 1, Texas 





LUBRICATION ENGINEERING, March-April, 1956 








la 



































Exposed bearings are pro- 
tected from any weather 
damage by Bentone grease 





Changes to 
BENTONE*-based grease... 


FLEET OPERATOR 
SAVES $204 PER TRUCK 
IN BEARING REPLACEMENT! 


Service Lumber Company used ordinary greases 
in its bulk-handling truck fleet and had to Truck operators report Bentone grease 
replace four $8.50 conveyor system bearings in “stays put,” resists extreme tempera- 
each truck every month. Then the firm changed tures, dust, wash-out and abrasives 
to Bentone*-based grease. Result: No bearing 
failure for six months . . . a $204 savings per truck. 


1 


The operator reports Bentone*-based grease: 


@ cuts grease consumption in half 
® stays in place in all weather 
@ resists wash-out 


You can get the same kind of results — 
by using lubricating grease compounded 
with Bentone* 34. 


For additional information contact 
your local supplier as listed in 
Dutch Bou * the attached column or write to 


«© TRADEMARKS 
REGISTERED 


BENTONE- 34 


FOR MULTI -P PURPOSE GREASE 


National Lead Co. * Baroid Division 





















Texas fleet truck operator says Bentone 
grease cuts lubrication costs in half. 







Pini, 


der 
er diy! 





number. The first two numbers 
represent the group; this is fol- 
lowed by a dash and five more 
numbers which break down sys- 
tematically into sub-classifica- 
tions. Under each group there 
are 90,000 classified and interre- 
lated numbers available. The 
ASTE Index comes in two parts: 
(1) the Numerical Listing, which 
is abridged but shows the basic 
structure and logic of the ASTE 
Edition of the U. S. Standard 
Commodity Classification, and (2) 
the Alphabetical Listing, which 
is merely a cross reference index 
of the same numerical material 
expanded for the specialized use 
of the tool engineer. (Direct in- 
quiries to: National Standards 
Committee, ASTE, 10700 Puri- 
tan Ave., Detroit 38, Mich.) 


Wheel Bearing Grease Tester. 
Bulletin 718 describes the rede- 
signed Wheel Bearing Grease 
Tester, an apparatus for determin- 
ing the leakage tendencies of 
wheel bearing greases according 
to the ASTM method. In addi- 
tion to the ASTM test, the bulle- 


tin discusses tests for changes in 
grease characteristics under simu- 
lated service conditions. Also de- 
scribed are such features of the 
apparatus as forced air convec- 
tion and a hydraulic thermostat 
which holds the spindle tempera- 
ture within +2.5 F. at the test 
temperature of 220 F. (Precision 
Scientific Co., 3737 W. Cortland 
St., Chicago 47, Ill.) 


1956 Service Data. A reference of 
1956 passenger car service loca- 
tions and lubricant recommenda- 
tions is immediately obtainable in 
“Service Data,” an annual publi- 
cation of The Chek-Chart Corp. 
Appearing this year in a specially 
designed wall chart form, all serv- 
ice location variations have been 
incorporated into one master dia- 
gram. Complete motor oil and 
gear lubricant recommendations 
are provided in a tabular listing, 
and a new section under the head- 
ing “On the Driveway” shows 
basic methods of applying the in- 
formation given. (The Chek- 
Chart Corp., LE-12/2, 33 East 


Congress Parkway, Chicago 5, 


Illinois, price 50 cents.) 


Review of Laboratory Apparatus. 
“Lanco Apparatus Review No, 6” 
describes and illustrates 1955’s 
best sellers in the line of labora- 
tory apparatus. A separate 4- 
page section introduces Harleco 
volumetric solution concentrates. 
Equipment described includes 
atom models, Ohaus _ balances, 
Reyers-Rapid Balances, glass 
beads, stainless steel beakers and 
labware, Ultramax burettes and 
separatory funnels, glass blowing 
burners, carts, polyethylene cen- 
trifuge tubes, jumbo _ hosecock 
clamps, lattice support rods, port- 
able bath coolers, electronic re- 
lays, Electrothermal tapes, Flash- 
I-vaporators, hot plates, hot plate 
magnetic stirrers, illuminated 
magnifier, heating mantles, mul- 
tiple plug-in controls, particle size 
apparatus, marking pens, slide 
rule psychrometers, pressure and 
vacuum pumps, cylinder drying 
racks, instrument shields, poly- 
ethylene sink traps, folding stirrer 
paddles, stirrers, stools, and safe- 
ty cylinder supports. (Arthur S. 
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Why 108 models of the same basic 
filter? Because each oil filter application 
creates individual problems. 

Scores of variable factors are in- 
volved: type of oil, additives, oil vis- 
cosity and temperature, flow rate, ca- 
pacity, space available, nature and 
degree of contamination, type of heat- 
ing required, and many more. All of 
these factors must be considered in 
selecting the proper filtration unit. 

Honan-Crane Multi-Cartridge 
Filters are available in 108 models, 
10 sizes, and with six different types 
of interchangeable cartridges, each 
designed to do a special filtering job. 


Ordiana 
COMMERCIAL FILTERS CORPORATION 


SUBSIDIARY OF COMMERCIAL FILTERS CORP. 


Honan-Crane Multi-Cartridge Filter 





















Thus, no matter how unusual or difficult 
the application, you get a filter exactly 


suited fo your requirements . . . and 
readily adaptable to changing re- 
quirements. 


The same wide choice of models is 


also offered in Honan-Crane Bulk Refill 
and Full Flow type Oil Filters. Custom 
filtration performance is standard with 
Honan-Crane. 


Write No. 101—Full Flow 


Filt 
for three re 


No. 201—Multi- 


oong Cartridge Filters 
equipment 
. No. 301— Bulk Refill 
bulletins Filters 


HONAN-CRANE FILTERS ¢ MICHIANA FILTERS 
CFC PRODUCTS 


818 Wabash Ave., Lebanon, Indiana 
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LaPine & Co., LE-12/2, 6001 S. 
Knox Ave., Chicago 29, III.) 


“Trona” Lithium Hydroxide. An 
informational bulletin on “Trona” 
lithium hydroxide has been issued 
by the American Potash & Chemi- 
cal Corp. for use in such indus- 
tries as petroleum, storage battery 
manufacturing, lithium salt pro- 
duction, industrial plants need- 
ing an absorbent for gases in 
their production processes, and 
other applications. The pamphlet 
provides information on potential 
uses, results of laboratory tests on 
lithium-base greases and other 
material. (American Potash & 
Chem. Corp., LE-12/2, 3030 W. 
6th St., Los Angeles, Calif.) 


Vane-Type Hydraulic Motors. 
Bulletin DM321 describes Dudco 
MF-100 series vane-type hydrau- 
lic motors. The balanced dual- 
vane fluid motors are constant 
displacement type whose speed 
varies directly with the quantity 
of fluid supplied, and with a 
torque varying directly with the 


pressure. Completely illustrated, 
the bulletin contains data on se- 
lection, mounting, and connec- 
tions. (Kalamazoo Div., New 
York Air Brake Co., LE-12/2, 
Kalamazoo, Mich.) 


High-Pressure Automatic Lubri- 
cators. Bulletin 3A describes a 
line of lubricators applicable to a 
wide range of machines, such as 
printing presses, machine tools, 
packaging, labeling, and bottling 
machines. The bulletin treats de- 
tails of the adjustable time cycl- 
ing mechanism used to deliver 
metered quantities of oil with the 
automatic lubricators. Reservoirs, 
oil filters, and single-feed line dis- 
tribution systems are also de- 
scribed. (Bijur Lubricating Corp., 
LE-12/2, 151 W. Passaic St., Ro- 
chelle Park, N. J.) 


Fire-Resistant Hydraulic Fluid. 
A new, 8-page bulletin describ- 
ing Houghto-Safe fire-resistant 
hydraulic fluid has been released 
that contains factual information 
on installation and maintenance 


of this fluid where potential fire 
hazards exist. Technical data is 
given on installation as relating 
to packings, pumps, strainers, fil- 
ters, and other parts of the sys- 
tem. The importance of pumpa- 
bility at low temperature and 
storage stability are also covered. 
Typical uses of Houghto-Safe are 
outlined in this folder, which also 
summarizes the advantages of the 
product and includes testimonials 
from users. (E. F. Houghton & 
Co., LE-12/2, 303 W. Lehigh 
Ave., Phila. 33, Pa.) 


“Trouble-Shooting Chart for Hy- 
draulic Systems,” is the subject of 
a new wall chart offered by the 
Sun Oil Co. to help operators and 
maintenance men spot and cure 
common troubles. (Sun Oil Co., 
LE-12/2, 1608 Walnut St., Phila. 
3, Pa.) 


Synthetic Fluids & Lubricants. 
Bulletin 6500D on Ucon synthetic 
fluids and lubricants covers prop- 
erties, applications, and charac- 
teristics of these polyalkylene- 








WANTED 


Sales Manager — Metal Processing Products 


Position involves the guidance and develop- 
ment of new products; their exploitation and 
sale to the metal processing industries. Posi- 
tion on staff of large chemical manufacturer 
located in metropolitan New York area and 
specializing in surface-active chemicals. Will 


involve activities throughout the U. S._ Indi- 
cate qualifications, experience, and_ salary 


desired. Write Box LE-655. 
Lubrication Engineering 
84 E. Randolph St. 
Chicago 1, Ill. 














ENGINEERS & SCIENTISTS 
interested in 
Lubrication and Bearing Research 


Battelle’s expanding activities in this field are creating 
new research opportunities. 


COOPERATIVE RESEARCH with experts in all 

fields of science and technology provides maximum 

opportunities for professional growth. Publications 

and society activities are encouraged. Address in- 
quiries to: 

The Personnel Manager 

BATTELLE INSTITUTE 

505 King Ave. 

Columbus 1, Ohio 
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Portable or Panel Mounted 
TO INDICATE KINEMATIC VISCOSITY 


The Type II Viscometer, a new and completely 
different type of laboratory-field instrument, is 
the first of its kind ever developed for directly 
determining in a matter of minutes the kine- 
matic viscosity of fuels, oils, weak acids, and 
other base solutions. 


Range of the Type II, which employs a new 
method based on a flow system of advanced 
design, is .5 to 5.0 centistokes. This range in- 
cludes all liquids used in testing aircraft fuel 
system components. Readability of the instru- 
ment is well within 1% of the indicated viscosity 
at any point on the scale. 


@ Use it in the laboratory, field, or on new or 
existing equipment. 

@ Widest range. Outstanding readability. 

@ Simple to operate. Readings obtainable in a 
few minutes. 

@ Portable or panel-mounted — supplied com- 
plete with thermometer, filter, filter cartridge, 
and AN outlet fittings. 


Send for free literature, today. 


Commercial Research Laboratories, Inc. 


20 BARTLETT AVE. ® DETROIT 3, MICH. 
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HOUGHTON 


STA-PUT 


... the lubricant with 


ADHESIVENESS 


that stays on the job! 





STA-PUT is a high film strength oil treated to provide a 
tough, lasting cushion between moving metal parts. It has 
cohesive and adhesive qualities that reduce any tendency 
to leak or drip. 

Unlike ordinary oils, STA - PUT is a carefully for- 
mulated, additive type lubricant, not a mere blend. It 
contains no gummy material and its good qualities 
can’t be filtered out! 

In plant after plant Houghton’s Engineers have shown 
conclusively that STA-PUT will effect considerable savings, 
by keeping equipment running longer on Jess oil. 

The helpful services of our lubrication engineers are al- 
ways available. Get in touch with the Houghton Man or 
write E. F. Houghton & Co., 303 West Lehigh Avenue, 
Philadelphia 33, Pa. 


STA-PUT 
+++ @ product of 











PRACTICAL 
LUBRICATION, 
Vol. 1 


Ten practical articles giving in- 
formation fundamental to the 
carrying out of successful lu- 
brication practices in industry: 
Cleaning Lubrication Systems, 
Coal Mine Lubrication, Grease 
Lubrication of Ball Bearings, 
Lubricating Greases, Lubrica- 
tion Requirements of Gears as 
Seen by a Gear Engineer, Open 
Gear Lubrication, Planned 
Lubrication as a Part of Plant 
Maintenance, Reduction of 
Gear Failures, Seals and Clos- 
ures, Steel Mill Lubrication 
from Management’s Point of 
View. $1.00 per copy. 


ASLE PUBLICATIONS 
84 E. Randolph St. 
Chicago 1, Illinois 


















INTERPRETING 
SERVICE DAMAGE 
IN ROLLING TYPE 
BEARINGS 


A manual on ball and roller 
bearing damage which includes 
drawings, tables, and 74 photo- 
graphs for aiding in the classifi- 
cation and identification of the 
causes of many of the common 
types of bearing damage. $1.00 


per copy. 


ASLE PUBLICATIONS 
84 E. Randolph St. 
Chicago 1, Illinois 





Ready to give you 
on-the-job service... 
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glycol derivatives. Ucon fluids 
and lubricants have a multitude of 
established uses as mechanical lu- 
bricants, hydraulic fluids, rubber 
and textile lubricants, heat-trans- 


water-soluble and water-insoluble 
series—with or without additives. 
Viscosities range from 50 to be- 
tween 60,000 and 90,000 SUS at 
100 F. Their physical character- 
istics are different from those of 


dexes, low pour points, and excel- 
lent lubricity. They are wax-free, 
non-carbonizing, sludge resistant, 
and non-corrosive to metals; they 
have little or no etfect on rubber. 
(Carbide & Carbon Chemicals Co., 








fer fluids, anti-foam agents, sol- 
vents, and formulation compo- 
nents. They are supplied in both 





(Lube Lines, from p. 89) 

oil leaking between the piston and cylinder. Use 
of this type of compressor in refrigeration service 
would eliminate the need for an oil separator; in 
the chemical industry it is said to assure oil-free 
compressed air, carbon dioxide, oxygen, and other 


gases. 


SPRAY LUBRICATION. Spray lubrication of 
enclosed gears in steel mill service is one of the fea- 
ture developments reported by “Iron & Steel [engi- 
neer” (Jan. 56) for the iron and steel industry dur- 
ing 1955. A self-contained panel is mounted on the 
gear housing in such a manner as to insure delivery 
of the lubricant via spray valves directly to the pres- 
sure side of the gear teeth. Using a central pump- 
ing unit for periodic delivery of lubricant, it can be 
presumed that this method of gear lubrication 
should be economical of lubricant, conducive to 
cleanliness, and adapted to lower viscosity gear lu- 
bricants of the additive-type. 


ASME LUBRICATION DIVISION. The Coun- 
cil of the American Society of Mechanical Engineers 
has approved the application of the ASME “Lubri- 
cation Activity” for Professional Division status. 
This is the result of the realization of the ASME 
Petroleum Division in 1949 that lubrication cut 
across the activities of all the Professional Divisions. 
Immediately the “Lubrication Activity’ became 
popular with all whose responsibilities included lu- 
brication from the operating, maintenance, and re- 
search angles. The untiring efforts of A. C. Stut- 
son of Socony Mobil Oil Company as chairman, and 
the cooperation of an active group of over 200 engi- 
neers, insured the success of the “Lubrication Ac- 
tivity.” It is a credit to these people, many of them 


animal, vegetable, 
oils. They have high viscosity in- 


E-12/2. 30° E. 42nd Stz New 
York 17. Ns ¥>) 


and mineral 





members of ASL, that Division status is now a 
reality. 

Five technical committees have been formed 
covering Research, Lubricants, Design as to Build- 
ers and Operators, and Co-Ordination, to further 
the objectives of this new Division which include: 
(1) Promotion of the art and science of mechanical 
engineering in lubrication; (2) The fostering of re- 
search and development; (3) Dissemination of in- 
formation; (4) Summarization and publication of 
reliable data pertaining to lubrication; and (5) En- 
couraging the interchange of ideas among engineers 
and technologists. 





(Men of Lubrication, from p. 91) 

lubrication; and he was actively engaged in theo- 
retical and experimental research supported by the 
Milton Fund and by special grants from the Re- 
search Committee on Lubrication of the American 








OPENING for 
Lubrication & Hydraulic Engineer 


Manufacturer of rolling mill machinery offers position 
as lubrication and hydraulic engineer to a man of good 
personality and character about thirty years old, who 
has had five to eight years experience with lubricating 
or hydraulic equipment or both, preferably in connec- 
tion with rolling mills. Engineering degree desirable 
but not essential. Permanent position with excellent 
opportunity for broad training and advancement. 
Reply by letter to Box LE-755. 


Lubrication Engineering 
84 E. Randolph St. 
Chicago 1, Ill. 
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Colloidal Lubricants 
Step Up Production 
In Extrusion Operations 


Finished product emerges from large extrusion press in a lead- 
ing aluminum extrusion plant. A Grafo product is used in this 
operation. 


Aluminum extrusion manufacturers find Grafo Colloidal Lubricants a 
definite help in stepping up production and cutting costs. Grafo 
Lubricants prevent sticking, avert build-up and provide just the right 
lubrication for proper metal flow in extrusion dies. Try Grafo Colloidal 
Lubricants soon in your plant. Avoid costly breakdowns. Increase pro- 
duction. Cut costs and make a better extruded product. Write us 
today for information on your operation. 


Or © ie B® ef 
r QO CORPORATION 
269 WILKES PLACE 
SHARON, PENNSYLVANIA 
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Society of Mechanical Engineers.” 

Norton made a very significant contribution to 
the subject of lubrication by developing its theory 
into a connected whole suitable for presentation in 
the class room. His notes, which had been evolved 
in the course of about eight years of teaching the 
subject, are the basis of his book, “Lubrication,” 
which was published posthumously in 1942. These 
notes had been intended by him to be the basis of a 
book, and at the time of his death in 1940 the ma- 
terial was almost complete. The book was actually 
carried through publication by his assistant, Mr. 
James R. Muenger. It is an excellent treatment of 
the basic theory of lubrication, and as a textbook for 
a course of study in the subject probably the most 
satisfactory of all the works on the subject. Nor- 
ton’s work on fluid behavior under high pressures, 
including studies of high shear rates, is a very sig- 
nificant contribution to fundamental questions 
which are still far from completely answered. His 
paper on this work, “Flow Properties of Lubricants 
Under High Pressure,” by Norton, Knott, and 
Muenger, appeared in the Transactions of the 
American Society of Mechanical Engineers for 1941, 
page 631. 

Norton’s inclination was toward the design or 
analytical rather than to the experimental side of 
engineering. It has been mentioned that he was 
greatly influenced by the new trends in engineer- 
ing science during the twenties. To promote these 





interests, he was active in encouraging young men 
in these more advanced studies and in raising the 
standard of engineering instruction. 

Norton’s home life was quiet and cultured. One 
of his students has described him as a “gentleman,” 
and a former colleague remarked that he was a 
“orand fellow.” On all sides he seems to have in- 
spired an unusual warmth of admiration. His prin- 
cipal outside interests were his church work and a 
great fondness for classical music. He was an ac- 
complished pianist. Vacations were, for the most 
part, spent at his summer home on the Isle of 
Springs, Booth Bay Harbor, Maine, where he found 
congenial company with friends and colleagues. 

In 1920 Norton received an honorary A.M. from 
3rown University. He was a Fellow of the Ameri- 
can Academy of Arts and Sciences, and a Past 
President of the Massachusetts Chapter of the 
American Society of Heating and Ventilating En- 
gineers. 


ACKNOWLEDGEMENTS. The main sources consulted 
in the preparation of this article were: “Minute on the Life 
and Services of Arthur Edwin Norton,” which appeared in 
the Harvard Gazette on February 7, 1942; and the Preface 
and Foreword to Norton’s “Lubrication.” The author is 
also indebted to Mr. Gardner Norton, and to Mr. Warren 
C. Norton, Norton’s son and brother, respectively, for their 
help; and to several former colleagues and students. 


(This is the eighth in a series of articles by F. R. Archi- 
bald, Analyst, of Arthur D. Little, Inc.) 





the fleet's, 





RUCKIN FLEET OWNERS REPORT MULTI-LUBER EXTENDS 
INSPECTION TIME UP TO 150,000 MILES! 


Fleet owners know that keeping ’em on the road keeps 
profits up! That’s why they’re all installing Lincoln 
. . the automatic power lubrication 
system that cuts maintenance costs. 


One fleet owner reports savings up to 90% per single 


MULTI-LUBER. 





cation. 








lubricant. 














ings simultaneously, while equipment is operating. 
2. MULTI-LUBER increases operating efficiency. 


3. MULTI-LUBER eliminates man-hours and equipment 
y ' down-time required for conventional chassis lubri- 


4. MULTI-LUBER increases service-life of bearings and 
ee moving parts. . . reduces cost of replacement. 

- : : 5. MULTI-LUBER reduces stocks of replacement parts. 
: 6. MULTI-LUBER prevents waste and contamination of 


LUBRICATION 
SYSTEMS 


3 TYPES OF MULTI-LUBER SYSTEMS 
TO MEET ALLYOUR REQUIREMENTS! 


1. AIR-OPERATED for Trucks, Trailers 
and Buses equipped with air-brakes. 


“ overhaul . . . has more than doubled the miles between 2. A OC ee Auto. 
fleet inspections. MULTI-LUBER saves six ways: — Light Trucks and Fork-Lift 
| 1. MULTI-LUBER provides the simplest, most dependable i, 
i j method for positive, periodic lubrication of all bear- 3. ed ig ne Mt age 


electrically-driven Fork-Lift Trucks. 


 EEEERENREERUEUURSUnieetentanseetestenten 


| LINCOLN ENGINEERING COMPANY 

| §701 Natural Bridge Ave. 

St. Louis 20, Mo. 

| Please send me my free copy of Bulletin 528 
| giving complete details on Lincoln Automatic 
| Power Lubrication Systems. 

| Name 

| Company__ eee 

| Address____ : 

| . =e 


*Registered Trade Name 





LINCOLN ENGINEERING COMPANY 
5701 Natural Bridge Ave. °* St. Lovis 20, Missouri 
IMAGINATION FOR AUTOMATION 


OVER 300 FLEETS ALREADY USING THE LINCOLN MULTI-LUBER 
NATIONAL SALES AND SERVICE THROUGH LEADING WHOLESALERS 
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The following Positions-and-Engineers 
Available information is furnished by 
Engineering Societies Personnel Serv- 
ice, Inc., a non-profit placement service 
sponsored by ASLE, AIEE, AIME, 
ASCE, ASME, ESD, ECSF, ISPE; 
SNAME, and WSE. Replies should 
be addressed to the key numbers in- 
dicated. 

If placed in a position as a result of 
these listings, applicant agrees to pay 
an established moderate placement fee 
which is used to defray the expenses 
of this non-profit, self-supporting serv- 
ice (rates available upon request). 

ASLE members may submit Engi- 
neers Available advertisements, limited 
to 35 words, for insertion at no charge 
in appropriate journals; attach typed 
resume for ESPS confidential files. 

A weekly ESPS bulletin of positions 
open is available by subscription (rates 
on request). 

Direct all correspondence to ESPS, 
Inc., at one of the following addresses: 


BN VE | Ce Cs a a New York City 
100 Farnsworth Ave. .................. Detroit 
$4 E. Randolph St. -..................Chicago 
DY, MPOSt OE) cco tneecea see San Francisco 


ENGINEERS AVAILABLE 
Designer (441-LE) 43, ME; 4 yrs. 


check. & des. valves & hydraulic cylin- 
ders; 4 yrs. elect. des. for R.R.; 7 yrs. 
testing elect. motors & generators; 
$120/wk.; Chicago. 


Constr. Sup’t. (442-LE) 47, CE; 8 yrs. 
resident engr. on constr. of — elect. 
power plants & paper mill; 2 yrs. civil 
engr. with petr. co.; 1 yr. field engr. 
with. arcn.; U. 3S. 


F’ty. Mgr. or Sup’t. (443-LE) 48; 5 
yrs. charge of foundry plant; 5 yrs. 
des. struct. steel reinforced concrete & 
farm eqpt.; 2 yrs. tooling engr.; $10,000; 
Midwest. 


Research Adm. (444-LE) 38, PhD- 
Chem.; 14 yrs. res. & dev. in biologi- 
cals; 5 yrs. teaching bacteriology & 
microbiology; $10,000; U. S. 


Ind. Mgmt. (445-LE) 28, CE; 4 yrs. 
project engr. on hwy. constr.; 18 mos. 
constr. estm.; $6,500; Midwest. 


Constr. Sup’t. (446-LE) 31, CE; 3 yrs. 
charge of maint. & constr.; 2Y, yrs. 
struct. bridge insp. & maint. for R.R.; 
$7,500; Chicago. 


Field Engr. (447-LE) 30, CE; 6 yrs. 
refinery engr. managing men, hvy. 
earth moving eqpt., estimating constr., 
field maint. & surveying; $7,200; U.S 


Resident Engr. (448-LE) 39, CE; 3 
yrs. Jr. Engr. piles, paving, structures, 
soils in field & lab.; 5 prs. Ch. of Party, 
topography soils, materials & concrete 
insp.; $6,600; U. S. 


Sales Engr. (449-LE) 30, CE 
Resident Engr. on hwys.; 


; 414 yrs. 
6 mos. minor 
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des. on bridge structures; $6,600; Mid- 
west. 


Chem. Engr. (450-LE) 31, MA; 1 yr. 
project engr. on chem. & non-ferrous 
metals; 6 yrs. resp. for plant engrg. 
production, dev. & supv. on chem. 
plants; $7,200; oe 


Ch. Quality Control (451-LE) 43; 
yrs. supv. statistical quality control for 
elect. & refr. eqpt. incl. production 
scheduling; 1% yrs. ch. drafts; 2 yrs. 
assembly foreman; 13 yrs. draft. all 
in elect. field; $7,200; Chicago 


Ind. Engr. (452-LE) 36, MBA-Prod. 
Mgmt.; 1 yr. ind. engr. in central 
engrg. staff chem.; 1 yr. ass’t. prof. 
teaching correlating courses in ind. 
engr.; 1 yr. production planner, tool & 
process aircraft; 1 yr. research assoc., 
preparing foreman training programs: 
$8,000; Chicago. 


Gen’l. Mgr. (453-LE) 40, ME; 7 yrs. 
adm. engr. on facilities, processing & 
product work in paper board, sheet 
metal, plastics & textiles as top tech. 
advisor to mgmt.; prior exp. promot- 
ing finances, patents, searches for nu- 
merous industrials & products; $10,000; 
Chicago. 


F’ty. Mgr. (454-LE) 54; 10 yrs. mig. 
mer. of heating eqpt.; 3 yrs. mfg. engr. 
in shell loading plant; 8 yrs. pit. mgr. 
distillery; 9 yrs. ass’t. plant mgr. & 
resident engr. in farm eqpt. plant & 
power plant constr.; $20,000; U. S. 


F’ty. Mgr. or Sup’t. (455-LE) 33; 12 
yrs. ind. engrg. in foods, rubber & con- 
sult. wk.; 28 mos. managing instr. plant 
& mailing serv.; 44 mos. warehouse 
engr.; $9,500; U. S. 


Gen’l. Mgr. (456-LE) 39, ME; 2 yrs. 
mig. engr. on el. eqpt.; 2 yrs. plt. mgr. 
sheet metal job shop; 1% gen’l. mgr. 
bldg. mat’l dealer; 1 yr. ind. engr. 
foundry; $12,500; U. S. 


F’ty. Mgr. (457-LE) 48; 9 yrs. time 
& motion studies, set time stds. & piece 
work rates; wrote mfg. procedures in 
textiles, leather goods & electronics; 
$6,500; Chicago. 


F’ty. Mgr. (458-LE) 42, BCS; 2 yrs. 
machine shop supv. in matl. hdlg. field; 
3 yrs. ch. ind. engr. mfg. metal fasten- 
ers; 2 yrs. pit. mig; metal display fix- 
tures; 1 yr. production mgr. hyd. 
valves $8,400; Midwest. 


Plt. Mgr. (459-LE) 59, MSME; 3 yrs. 
ch. ord. eng. mfg. tank turrets; 11% yrs. 
mig. & test. engr. on machine guns; 4 
yrs. plt. engr. printing co.; 4 yrs. ind. 
engrg. chem. plt. & — exP. ord. of- 
ficer ord. dept.; $8,400; 


Gen’l. Mgr. (460-LE) 38, ME & MBA: 
4 yrs. tech. automotive ass’t.; 27 mos. 
resp. for mfg. operations of filter prod- 
ucts; 5 yrs. resp. for cost reduction 
program; 5 yrs. product des. on hwy. 
ind. eqpt.; $16,500; U.S. 


Gen’l. Mgr. (461-LE) 54, BSEE/MS- 
CE & ME; 11 yrs. charge of mfg. & 
sales of metal furniture & el. eqpt.; 2 
yrs. charge of production & des. of 
bldgs., eqpt. & tooling; 2 yrs. des. & 
tooled plant for mfg. of aircraft parts; 
$16,000; U.S. 


1956 


POSITIONS AVAILABLE 


W-2778 Res. Chem. Engr. Long estalh- 
lished medium sized company desires 
man with good growth potential to 
work in development of oils, greases & 
synthetic lubricants; loc. Mid-Atlantic 
State. 


C-4659, Sales Sanitary Eqpt. Age to 
45; 2 yrs. sewage treatment plants; 
know treatment plant oper.; duties: 


selling sanitary eqpt. to municip. & 
others; mostly loc. trav.; car req’d.; 


for a mtr. of san. eqpt.; sal. $500/mo.; 
comun. & esp., abt. $8-9,000 Ist yr.; loc. 
NY & San Francisco; empl. will pay 
tee. 


C-4539, Dev. Engr. ME; 3 plus yrs. 
exp. in hydraulic eqpt. dev. or test.: 
know dynamics, kinematics & fluid me- 
chanics; duties: analytical & dev. work 
on hyd., pneumatic, & mech. eqpt.; for 
mir. of power plt. eqpt.; sal. $5-600/ 
mo.; loc. Wash. 


C-4553, Chem. Engr. I’h.D, Ch.E; age 
to 35; 2 plus yrs. exp. in research & 
dev. in petr. tech. or fluidized solids 
systems; duties: process dev. work in 
inorganic fluidized solids systems; for 
mfr. of steel; sal. $900/mo.; loc. Chi 
cago; salary depends on exp. 


C-4597, Product Mgr. 
grad. chem. major in chemistry of 
mech.; age 35-45; duties: supv. carbon 
paper, dupl. fluid-production — offset 
products; resp. for production control 
for a mfr. of dup. eqpt.; sal. $12-14,000; 
loc. Chicago; empl. might neg. fee. 


Supplies div., 


C-4626, Chem. Liaison Engr. CE; 3 
yrs. exp. in lab. methods & procedures 
for plastics, coatings & high temp. met- 
als; duties: liaison between engr. units 
& chem. unit for the purpose of estb. 
pertinent chem, research project for 
testing & compounding plastics, pro- 
tective plastic, metal & ceramic coat- 
ings & analysis of high temp. metals; 
for mfr. of aircraft; sal. $7,500-9,500; 
loc. Mass. 


C-4530, Sales-Pumps. Age to 45; 2 
plus yrs. exp. in sales or appl. of pumps; 
know sanitary operations helpful; du- 
ties: selling pumps to industrial and 
municipalities; mostly local traveling; 
car. reqd.; for mfr. of pumps; sal. 
$400/mo. & comm. & exp.; abt. $8- 
10,000 1st yr.; loc. Chicago; empl. will 
pay fee. 


C-4529, Sales-Sanitary Eqpt. Age to 
45; 2 plus yrs. exp. in sewage treatment 
plants; know treatment plant opera- 
tions; duties: selling sanitary eqpt. to 
municipalities & others; mostly local 
traveling; car reqd.; for mfr. of san. 
eqpt.; sal. $500/mo. & comm. & exp.; 
abt. $8-9,000 Ist yr.; loc. Chicago; empl. 
will pay fee. 


C-4189, Lubr. Engr. Exp. in setting 
up & admin. lubr. systems in mfg. 
plant; duties: setting up & adm. a 
lubr. system for a printing co.; cover- 
ing presses, binding machines & other 
eqpt.; for printer of gen’l.; sal. $5,800- 
8,000; loc. Chicago. 
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ASLE Publications 
ORDER BLANK 


Fundamentals Of Friction & Lubrication 
In Engineering 


Proceedings of Ist ASLE National Symposium: His- 
torical Development of Hydrodynamic Lubrication; Re- 
marks on Mixed Film Lubrication; Lubrication Concepts 


& Engineering Application; Hydrodynamically Lubri- 
cated Roll Neck Bearings; Fundamentals of Hydro- 
dynamic Lubrication; Vertical Pivoted Shoe Thrust 


Bearings; On the Need for a Non-Steady State Theory 
for Lubrication Hydrodynamics; Lubrication of Gear 
Teeth, Including the Effect of Elastic Displacement; 
Physics & Chemistry of Rubbing Solids—Basic Prin- 
ciples; On the Friction & Wear of Graphite & Other 
Layer-Latticed Solids; The Importance of Wear Frag- 
ments During Sliding; Technical Applications of Prin- 
ciples of Solid Sliding Contact. $3.00 per copy to mem 
bers, $3.50 per copy to non-members. 


Interpreting Service Damage In 
Rolling Type Bearings 
A manual on ball and roller bearing damage which in- 
cludes drawings, tables, and 74 photographis for aiding in 
the classification and identification of the causes of many 
of the common types of bearing damage. $1.00 per copy. 


‘Lubrication Engineering” Decennial Index 


Subject & Author Indexes listing the papers published 
in Lubrication Engineering, Journal of the American 
Society of Lubrication Engineers, in Volumes 1 thru 10 
(1945 thru 1954). 50c per copy. 


Petroleum-Type Hydraulic Fluids 
Second in the series of ASLE monographs, covering Hy- 
draulic Oil Specifications & Service Properties, Viscosity, 
Viscosity Index, Demulsibility, Oxidation Stability, Lu- 
bricating Value, Rust & Corrosion Preventive Qualities. 
$1.00 per copy. 


Physical Properties Of Lubricants 


First in the series of ASLE monographs, covering Vis- 
cosity, Density & Specific Gravity, Cloud & Pour Points. 
Flash & Fire Points, Carbon Residue, Neutralization 
Number & Interfacial Tension, Saponification Number, 
Emulsification, Specific Heat. $1.00 per copy. 


Practical Lubrication, Vol. 1 

Ten practical articles giving information fundamental to 
the carrying out of successful lubrication practices in 
industry: Cleaning Lubrication Systems, Coal Mine Lu- 
brication, Grease Lubrication of Ball Bearings, Lubricat- 
ing Grease, Lubrication Requirements of Gears as Seen 
by a Gear Engineer. Open Gear Lubrication, Planned 
Lubrication as a Part of Plant Maintenance, Reduction of 
Gear Failures. Seals & Closures. Steel Mill Lubrication 
from Management’s Point of View. $1.00 per copy. 


Indicate opposite title the number of copies desired, fill in 
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New Farval spray panel 






























lubricates gearing automatically, 


FARVAL— | 
| Studies in 
Centralized 
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efficiently, inexpensively 





ERE’S how to do a better job of greasing 

gears and save a lot of lubricant and 
labor besides. Just install Farval Spray Valves. 
They can reduce oil and grease consumption 
and oiling labor as much as 95%. Then you 
can throw away the oil can and grease bucket, 
and put your oilers on other constructive work. 





Shown at right is a new Farval Spray Valve 
System developed for large-diameter wide- 
faced gears. Installed on a panel mounted on 
the gear housing are Dualine valves, spray 
valves and reversing valve. An automatic air- 
operated barrel pump supplies the lubricant. 


Farval Spray Valves are completely flexible as 
to arrangement and operation. They can be 
used alone or as part of a Dualine System— 
wherever a supply of compressed air is avail- 
able. As with standard Dualine valves, the 
spray can be operated as often or as infre- 
quently as needed to deliver any desired amount 
of oil or grease, on gears, sliding bearing sur- 
faces or other areas needing lubrication. There 
is no waste or mess. Quantity of air used is 
limited to the exact amount required to spray 
each delivery of oil or grease. 


Hundreds of Farval Spray Valve Systems are 
now in use in many industries. Why not in- 
vestigate this simple, inexpensive method for 
your own plant equipment? Tell us the type of 
gearing or machines for which you would con- 
sider automatic spray lubrication. One of our 
field representatives will be glad to recom- 
mend the Farval system best suited to your 
needs. Write for Bulletin 26-R. The Farval 
Corporation, 3267 East 80th Street, Cleve- 
land 4, Ohio. 


Affiliate of The Cleveland Worm & Gear Company, Indus- 
trial Worm Gearing. In Canada: Peacock Brothers Ltd. 
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Above— cutaway view shows 
spray lubrication of wide-faced 
gear by set of 3 Farval Spray 
Valves mounted on a special 
panel which also carries 3 
Dualine valves and a reversing 
valve. At left is the automatic 
air-operated barrel pump which 
supplies lubricant to the Farval 
Spray Valve System. Spray 
valves may be operated manu- 
ally also. 
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BETTER LUBRICATION AT A LOWER COST 
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